THE CLASSIFIOATIOX AKD GEOCHIAPHIOAL DI8TRIBU- 
TIOX OF THE PEAIH.Y FRESH- WATER .MUSSELS. 



i>y Charles T. Simpson, 

Aid, Department of MoUnsks. 



The naiades, or pearly fresh-water mussels, have a uiiiveisal distribu- 
tion throughout the ponds, lakes, and streams of the world, not only on 
the continents, but on most of the larger and some of the smaller islands. 
Some of the genera havei>robabIy extended baek with but little ehange 
to the beginning of Mesozoic or possibly well into Paleozoic time^ hence 
their study is an extremely interesting one, wlii<di may help us in 
obtaining a knowledge of the distribution of other life, and the muta- 
tions of land and sea in time past. 

L CLASSIFICATION OF THE NAIADES, 

In 180(P and 1812‘^ Lamarck established the family of Nayades, which 
he afterwards changed to Naiades,^ and in which he placed two genera, 
rnio and Anodontd. In 1819 he added the genera Eyria and Iridintf 
but ])laced (Jastalla wrongly in the finnily Trigoniacea, an error which 
Avas rectifie<l by Ferussac in 1822, by Latrielle in 182o, by Blainville in 
the same year, and by Menke in 1828. In 1820 Rafinesque^ created the 
family Pediferia for TJnio^ and several related genera, includ- 

ing Cyclas. 

Blainville in 1825^ refused to accept the elassitieation of Lamarck, 
and made a himily Submytilaeea, with the genera Anodoiita, rnio, and 
C(trdit(tj thus returning to the errors of Poli, Avho in 1795® gave the name 
Limnwa to animals inhabiting the shells belonging to the genera 
Anodonta^ and Cardita. 

The name Unionidm was created in 1828 by Fleming,*^ and adopted 
afterwards by Gray,® Swainsoiip and other motlern authors.*® 

‘ Philosopliie Zoologiqne, ]), 328, 1805. 

^Extrnit (hi Cours de ZooL, p. 100, 1812. 

3 Phil. Zoologiciue, I, p. 318, 1830. 

Ann. G^n<^r. Sciences Physicpies, p. 290, 1820. 

^Man. de Malacol. et ConchylioL, p. 537, 1825. 

^Testacea Utriiiscpie Sicilia-, II, p. 253, 1795. 

Hist. British Animals, p. 408, 1828. 

^In Turtoii, A Manual of the Land and Fresh-water Shells, p. 288, 1840. 

^ Treatise on Malacology, p. 259, 1840. 

^^’The names of Lamarck, Katinesque and Blainville can not be considered, since it 
IS a rule in nomenclature that a family or subfamily name must bo fonnded on one 
of its principal genera. Hence rni<niid(r must take jirecedence. 
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Swaiiisou in 1840’ divided the Unionidie into five subfamilies, from 
a study of the shell: First, Unioniine {Cnlo, Lamarck; ^Ef/Ua^ Swaiii- 
son; d///.S‘6vf, Turton); Second, Hyriame {IrUJed, Swainsou; GastaVia^ 
Lamarck; Ilyria, Lamarck; RyruleUa, Swainson); Thiid, Iridinime 
{Irunua, Lamarck; CalUscapJui^ Swainsou; A. d’Orbi^’iiy) ; 

Fourth, Anodontinm (subgenera AnodoL Lamarck, etc.) ; Fifth, Alas- 
modontinm {AlasmodtAK Say). 

Gray in lS47y following the anatomical papers of A. d'Orbigny and 
other authors, proposed to form a new family, ]\lutelidie, with the 
genera 2Ii(tela, Leila^ Plewdon^ and a part of Paxyodon of Schumacher. 
These genera difier fi*om Uuio by the presence of two distinct siphons, 
and were separated from the Unioimhe for that reason. Previously 
Gray, in 1842,-’ had made a family ]\Iycetopodi(he for the genus 31yce- 
topoda^ d’Orbigny, on account of the foot presenting a remarkable con- 
form at ion. 

The views of Gray have been adopted by many authors, who have 
admitted among the Xaiades of Lamarck two or three families; others 
an equal number of subfamilies. Thus II. and A. Adams^ admit two 
families: Unionidai (subfamilies Unioninie and Mycetopima^) and Mute- 
iuhe. Chenu^ enumerates three subfamilies: Uniouime, Mycetopime, 
and Iridina*; Gill,® three families: Unionidie, Iridinidm, and Myeetopo- 
didas Clessin,' two subfamilies, to which he gave the names generally 
adopted for the families — Fnionidm and Mutelidm; Tryou,® three fami- 
lies: L^niouidm, Iridinidaq and iMyeetopodidm; and Fischer,® two sub- 
families: Unioniine and 31uteliine. 

We see, then, that all the authors agree to make two grand divisions 
among the Naiades of Lamarck, based upon the fact of the siphons 
being more or less complete. The other organs of the animals, which 
to a lesser extent serve for jiurposes of classification, have been exam- 
ined by TroscheP® and characterize the nine genera whieli are known 
in the family Unionidie. The anatomical classification of Agassiz” is 
not applicable to these mollusks in North America. Isaac Lea’^ at- 
tempted to classify the Unionidm by the external characters of the shell, 
the hinge (dorsal border symphynote or non-symphyuote), the sculp- 
ture and the form. This classification is, of course, largely artificial, 

'Treatise on Malacology^ p. 377, 1840. 

“Proc. Zool. Soc. Lontlou, 197, 1847. 

•'’'Syn. P>rit. Mns., pp. 81, 92, 1842. 

‘’The Genera of Pecent Mollnsks, II, p. 505, 1857. 

•‘^Mannel Coiichyl. et Palcout. Couch., II, pp. 136,147, 1862. 

’'Arrang. Families of Mollnsks, p. 20, 1871. 

" ^lalakozool. Platt, XXII, \y. 12, 1875. 

’^Stnic. and Syst. Couch., Ill, ]).237, 1884. 

^Manuel de Couchylioh, p. 998. 

10 '\vi(‘gniauu’s Archiv, XII, 1847. 

In W. Stiuipsou, The Shells of New Euglaud, 1851. See also Archiv fur Xatiirg., 
1852, p. 41. 

A Syuopsis of the Family Uuiouida*, pp. xxiv, xxv, 1870, aud iu earlier editions. 
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since it lii'iiigs together many unrelated species and widely separates 
others that have strotig affinities. In justice to Dr. Lea it should he 
said that he regarded it as merely a temporary expedient, to be super- 
seded by a more natural method when a better knowledge ot the soft 

iiarts could be obtained. 

II. von Ihming has recently propo.sed a new elassilieation 'd ^ e 
Kaiadcs, taking the form ol' their larvie as a distinctive eharaeter. At hilo 
the species of Europe and Xorth America have a larva (tdochidium) 
furnished with a, bivalve shell, which can completely inclose it, a eer- 
tain number of forms of South America pass through a peculiar stage, 
named LusUlium by v. llieriiig, in which the larva is lormed of tffi-ec 
segments, carrying only a small single shell on the middle part. The 
same stage is probably passed through by the young of .several Atri- 
can o-eiiera. In consequence he divides the Naiades into two fami- 
lies— the Miiteliihe (genera Leila, Gray; Fossula, Lea; Mi/cctoints, A. 
d’Orbigny; (ilaharis, Gray; Aplodon, Spix; Lea : Solenma, 

Conrad; Scopoli; Iridiita, Lamarck; Spatha, Lea) and the 

Uniouidm (genera Jlyria, Lamarck; Castalia, Lamarck; ('a.stahita, y. 
Ihering; Cnio, I’hilips.son : Marparitana, Schumacher; Cristaria, Schu- 
macher; Psendodon, Gould, and Auodonia, Lamarck). . . 

The forec-oing sketch of the classification of the Naiades is taken ui 
part from the admirable work (d- Fischer and Crosse on Mexican and 
Central American inollusks." ^ ^ i i 

In the present state of our limited, and in some cases total lack o 
knowledge of the anatomy of several of the geueraof ]Shiiades, any elassi- 
ticatiou must be more or less tentative. The division of these niollusks 
bv most authors into two families, Uniouidie and Mutelnhe, or tuo sub- 
fiuiiilies, Uuioniua- and Muteliua-, founded upon the incompleteness or 
completeness of the development of siphons, can not stand. This las 
been shown by the researches of Lea and d'Orbigny into the anatomy 
of Glaharh mauv years ago; for while some species of this genus ha\ e 
the mantle closed posteriorly so as to form siphons, in others, which are 
evideutlv closely related, the mantle is free. More recently v. Ihering 
has showiC that a given species of his genus VasiaUna may have an 
animal which has the two siphons completely developed, thus placing 
it with the Miitelkhe, or it may be that of a perfect Unto, having no 
siphons at all, thus belonging with the Unionidm. The same thing is 
true to some extent in the well-known genus GastaUa, and it is quite 
probable that this character will be found to vary in other genera ot 

So far as conehological characters are concorned, (and wirh 

it Castalina, which has been separated from it) and Jlyna, thong i 
hitherto placed with the Miitelidie, are evide ntly members of thi‘ 

'Aroliiv fiir Natm-geschiebte, i>. 52, 1893. _ 

^Mission Scientiti.iue uu M.-xi,iue et J-ms rAmeri-iuo Centrale, , tl. l.art, 11. p. -.0.., 

1891. 

s/.uol. Aiueiger, Xoa. 380 and 381, 1891-92, pp. 1-14. 



298 



THE PEAllLT FnESII-JrATEI! MUSSELS— SIMPSOX. 



VOL. XVIII. 



UuionulivJ The Castalias, CastalinaH ami llyrias have the radial beak 
sculpture whieli is foiiud on every specdesof South Ameriean Unio, but 
on none of the other Xaiades. The hinge teeth consist of cardinals 
and laterals, the former being more divided than is usual iu Unio^ 
though there are some species in the latter genus which have the car- 
dinals separated into several parts. The laterals are IJnionoid, but are 
more or less vertically striated in CastaUa and CastaUna^ and some- 
times, to a certain extent, in Hyria. This latter character, however, is 
not generic or even specihc. The liinge teeth in the bivalves were 
undoubtedly developed in order to lock the valves of such species as 
were subject to shock, and prevent them from being twisted out of 
place. 1 believe it will be found that in most, if not all cases where they 
are needed, the shell never opens so far but what they lock one valve with 
the other. The mantle is carried as a thin, tough, elastic sheet between 
the hinge plates and over the teeth in the Naiades, and it will be 
readily seen that any unusual roughening, such as the development of 
granules or vertical striation, would render them much less liable to 
slip than if they were smooth. Hence, in many solid-shelled Hnionids, 
especially in elongated species, the character of vertical teeth stria- 
tion will be found. It is especially developed iu many of the heavy Chi- 
nese Unios, and I have noticed it in Unio parallelopq^edon of Soutli 
America, in Unio shepccrdianus^ Ugamenthius, crassus^ luteolus, anodou- 
toideSy and others, of the United States.^ 

Unio Iraussiy Lea, of Surinam, of which the type is in the National 
Museum (No. 84379), seems to stand about midway, conchologically, 
between Unio and Gastalia,, but in a difterent direction from Castalina. 
It has the strong radial beak sculpture of Castalidy especially near the 
posterior ridge, where it extends more than one-third of the distance 
from the beaks to the periphery. It is much inflated, and has a form 
more circular than that of Castaliciy a brown epidermis and strong con- 
centric sculpture. The teeth stand about midway between those of 

‘Iheriug believes that Ilyria will be found to vary in the character of its mantle 
openings in the same way that Casialina and Castalia do. (Zool. Aiizeiger, Nos. 380 
and 381, 1891-92, p. 5.) 

^The characters of the teeth of the four genera UniOj Ilyria, Castalia and Castalina, 
are very variable. Unio charruanus, d’Orbigny, has about 4 strong cardinals and sev- 
eral minor teeth in each valve, besides the ordinary laterals, which, with quite a 
number of not closely related species from Brazil, show traces of vertical striation. 
Unio acutirostris, Lea, from southern South America, has about 12 denticles in the 
cardinal area of each valve. In the younger shells there are usually the ordinary 
compressed cardinals, one in the left valve and two in the right, and as the specimens 
become adult they split up and assume a very different appearance. Unio pata~ 
gonieuSy d’Orbiguy, shows this transition finely. In Unio gihhosus, Barnes, of the 
United States, the laterals are quite often somewhat vertically striated, and some- 
times have oblique stria* pointing anteriorly or posteriorly. Specimens of Castalina 
martensi, v. Ihering, in the National Museum (No. 125736), plainly show both vertical 
and oblique striae on the laterals in the same hinge, the oblique lines being finer 
and partly laid over the vertical ridges. 
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Unio and Castalia, tlie cardinals being* soihewliat elongated and broken j 
and these, with the laterals, are more or less corrugated, and show traces 
of vertical striation. It was named Castalia .snhuifa by Krauss, but 
was placed in Unio by Lea, and as its specific name was preoccupied in 
the latter genus, he changed it to kraussi. 

Castalia diiprci, Lea, shows characters in the teeth which apjiroach 
Jli/ria. It is a smooth, liglit yellowish green shell of thin texture, trian- 
gular in outline, and much inflated, with an excessively high, sharp 
keel running from the beaks to the posterior basal margin. The cardi- 
nals are much elongated and sometimes broken, as in Hijna, The 
arch of the liinge plate under the beaks is high and sharp. There is no 
radiating sculpture, and there appears to be none of any kind on the 
beaks. I agree with von Ihering that this should quite probably be 
placed in a new genus. 

Hyria, on the other hand, seems to be equally connected with Unio, 
In U, stevensi, Lea, from northern South Americ.a, the form, sculpture, 
and external appearance are decidedly like that of llyria corruyata, it 
being furnished with (piite a distinct anterior dorsal wing and a slight 
hint at one posteriorly. This species of Jlyria is sometimes destitute 
of a wing behind, and this part of the shell occasionally ends in a some- 
what obtuse angle. The hinge teeth of Unio sterensi partake, to some 
extent, of the characters of both genera, though they are more Union- 
oid than Hyrioid. The species should probably, however, be placed in 
Ryria, 

Unio ortoniy Lea, of which the type — a single left valve, and the 
only specimen I have seen — is in the Museum collection (No. 2o430, 
U. S. N. M.), approaches the form of Unio somewhat, but its sculpture 
is very much like that of Ryria,, and its cardinals are miiltifid. It is 
very doubtful which genus should receive it, and it quite probably 
should have a new generic name. 

1 think there can be little doubt that the relation between these four 
genera, Unio,, Ryria,, Castalia and Castaliua, is a close one anatomically 
and eonchologically, and that they must all be placed in one family in 
any natural arrangement. Yet in a classification based upon the deveL 
opment or want of development of the siphons, the former has been made 
the type of one family, the Unionidm, and the other three have been 
placed in another, the 3Iutelidm. GlabariSj which, as I have shown, 
may have either perfect siphons or an open mantle, has generally been 
placed in the genus Anodonta, in the Unionkhe, though some authors 
give it a place in the other family. Mycetopus, which has an open 
mantle, has generally been put in the L^nionidm, but it is, as I expect 
to show farther on, more likely a member of the ^luteluhe. 

So far as I am aware, nothing is known of the larval state of any 
of the African Naiades, so that the character of the embryo, on which 
von Ihering bases his classificaiion, can not yet be used in determining 
the relationships of the peculiarly African genera. 
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Genus UNIO, Retzius. 

It se(‘ins to be iinpo.ssible to ascertain with certainty who is the 
author of tliis genus. In 1788 Laurentius ]\liinter Philipsson described 
it in a thesis delivei*ed under the presidene 3 ^ of his master, Itetzins,^ 
at the rniversity of Lund, in Sweden, at a public examination for a 
doctor's degree. Whether Pliili])Sson or Petzins should be credited 
with the genus can not be positivel}^ known, as it is believed by some 
that the master was the author of the dissertation, which the student 
merely defended. I am inclined to take this view of the matter, tor the 
reason that Petzins was an author of repute, while it is not known that 
Philipsson ever gave any attention to natural liistory or was the author 
of any genera or species before or since. There was no special desig- 
nation of any type, but the species were mentioned in the following 
order: Unio margaritlfenis, crassiis, tumidns, C. pictornm. l^.ovaliSj 
and r. corruifatiis. 

We can not consider the genus Mar(jarit(ina,fom\ded on tlie absence 
of lateral teeth, a valid one, because the first species which is mentioned 
in this list is the type of the genus l^nio (and also of MargarUana, 
founded many years latei ), and this is ]daced by itself in a section 
which is designated as lacking lamellar teeth, ^ while the other five spe- 
cies are ]uit in a second section, characdei ized b^^ lateral teeth. There- 
fore, in case of a generic separation, founded on the presence or absence 
of lamellar teeth, the sjiecies wanting them Avoiild have to be placed in 
the genus l^nio, and another nani(* given to the forms having both sets 
of teeth. But. as I shall show farther on — I think satisfactorily — that 
the different species usually placed in dlargaidtana are merely Pnios 
with ordinarily imperfect teeth, we can use Petzins’ generic name to 
include all the forms that are commonly placed in the two genera. 

The genus I'nio is by far the most numer<uis in s\>ecies. and is the 
most widely" distributed of any of tlie Xaiades. as well as the most 
variable in its characters. It is found in the fresh waters of all the 
continents, especially in the rivers and streams, while the nearly related 
Anodonta is more commonly an inhabitant of lakes and })onds. 

In the East Indian Archipelago it is met with in perhaps all the larger 
islands, extending east into the Solomon group; it is abundant in Aus- 
tralia, New Zealand, Tasmania, the Phili])pines and Jai)an. It is 
found ill Ceylon, Madagascar, the British Isles, and in Cuba. Theonl^^ 
considerable continental areas in which it is believed not to occur are 
that part of North America lying south of the fortieth parallel of north 
latitude, having a drainage into the Pacific; the extreme arctic regions, 
and a considerable area of the Sahara and Gobi deserts. 

^Dissertatio liistorico-uatiiralis, .sisteus nova te«tiiceorum genera, p. Ui. The fol- 
lowing is the original diagnosis: “ Unio. — Animal ascidia. Testa bivalvis, fequi- 

valvis, aj(piilatera, — Cardo. Dens ani in valvnla dextra solidus, snbintrnsiis, in 
sinistra duplex; omnes ereniilati. In pliirimus dens vulva* lougitudinalis lamel- 
laris intra sinistr:e valvnla* bilamellarem. 

' Dente vulva* nullo, sed margo horizontalis. 
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"o,. account Of the great variability of d.aracters of the shell and 

animal of many of the (iitferentsi)ecies. a number of coiichologists. among 

whom are Ratincsqne,' Swainsoi.;- Agassiz^ ami others, have attempted 
to divide the genns into other genera and snbgenera. These groups 
are 1 believe, nnworthv of any seie.ititic standing on ac. onnt ot the 
‘absolute blending of conchological characters in many cases and the 
o’rejit vaiiabilitv ot* tlio sott parts. 

Iherino-lms dated' that the South American Cnios, so far as his 
knowledge goes, develop the embryos in the inner branchne and not m 
the outer. Sutor has examined a number of the New Zealand 1 nios in 
order to determine whether they were closely related aiiatoinuadly to 
those of South America, and he states^ that he found nearly .all the 
embryos in the inner branchiaa Conchologic.ally there is a very close 
relation between the Unios of New Zealand, Australia, Tasmania and 
South America, and there can be little doubt that the species throughout 
have this anatomical peculiarity. In addition to this, the embryosof the 
austral siiecies seem to be mostly destitute ot hooks, and von Ihering 
believes that they <lo not pass a imrt of their larNml stage encysted on 
the tins and gills of tishes, as do many of those ot the northern heini- 

On the other hand, the Tnios of the northern hemisphere, so far as is 
known, bear their embryos in the outer gills, and a coiisiderable iiro- 
portion of them have hooks. Lea foiiml these aiipendages m a large 
lu.mber of embryos of Unios and Anodontas, but absent in others. In 
those of U. hiteohix he found no hooks, but the nearly related I . ra<h<iUis 
was furnished with four smalt ones, while in some spe.ainens ot Ano- 
(loiita omta, Lea. they were in-esent and in others absent.' 

It is possible that hooks may be in some cases developed on the 
embryo at one stage of its existence, and become broken oil or obsolete 
at another, as Lea found some examples in which they were imperfectly 
develoiied. Some of the species of Europe have lieeii actually observed 
attached to the gills and tins of tishes by these hooks, and it is quite 
inobable that many of those of North America have similar habits.- 
During this period of attachment, which occupies two months or more, 
the larvie be.'ome encysted, and the organs develop, though the shell 
does not increase greatly in size 

8o far as I know, all the Unios of South America, south ot the Isth- 

IMOU. acs C»q. Biv. Fhiv. Ue l.a Kiv. ' H.io, IS20. Atm. C^n. aes .Sci. I’hys., Bmx., 
]>. 291. 

‘A Treatise on :\lalncology, 1810, p. 266. 

^Arcliiv fiir Nat., 1852, p. 42. 

<New Zealand .lonrnal of Science, I, No. 4 (n. s.), p. I**-. «891. 

^New ZcMlnml .loiinial of Science, I, No. 6 (n. s.), p. 2.50, 1891. 

• L.a found hocd^s on the embryos of Uuio pecuUans and 

; \’1T iiu ‘^6 ‘^8 lie also stat(‘s that I nioniifF 

known Sonth American species. (Ohs., \ 11, pp. “ , , , i m-ir 

fipUcatus, Lea, U. ruMffhwsns, Lea, T. klFnrmnns, J.ea, and I . siihrotundiu, , 
th(‘ (‘inhryos in all fonr leavt's of the hrancline. 

7 Oh.s. on the (Jeuiis Uiiio, VI, p. 49, X, j). 89. 
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iims of Panama^ have radial beak scul])tnre, which sometimes extends 
well over the body of the shell. I know of no others having this char- 
acter except Unto rotiimlatiis, Lamarck, of Texas and Louisiana, which 
occasionally exhibits this peculiarity in a slight degree, and which, 
singularly enough, by its form resembles many of those of South Amer- 
ica. The I'nios of New Zealand and Australia have, so far as I have 
been able to observe, curved or imperfectly radial beak sculpture, 
approaching somewhat that of several of the species of South America. 
Nearly all the austral forms (excepting those of Africa) have peculiarly 
compressed cardinal teeth, there being a single one in the right and 
two in the left valve, sometimes slightly multifid, and between those 
of the latter valve there is a parallel-sided pit, into which the cardinal 
of the right valve tits. 

I believe that these characters of the shell and embryo, which seem 
to be reasonably constant, will Justify the separation of the TJnios of 
South America, Australia, New Zealand and Tasmania into a subgenus, 
for which may be used the name DipJodon^ applied by Spix to Unto 
eUipticns and U rotiindtis of Brazil.^ There can be but little doubt 
that these belong to a difterent and perhaps older phylum than the 
species of Europe, Asia, Africa and North America.' 

The writer has proposed for the American species a subdivision into 
groups, which should contain species evidently allied by conchologieal, 
anatomical and embryological characters. Each group he proposed to 
call after some widely distributed, abundant and characteristic species 
belonging to it. Thus an assemblage of solid, oval forms with radiating 
stripes, common in the Alississippi A'alley. is fairly typified by the well- 
known Unto lujamentinus of Lamarck; another of large, rather light, 
inflated forms from the same region, is represented by U. rentricosus, 
Barnes; a third, consisting of compressed, rhomboid species of the 
Atlantic drainage, by U, complanatus; and to speak of these different 
divisions as the group of Unto lupimenthtus, U. ocetdens^ or U eompla- 
natns group, at once conveys to the mind of the merest novice Just what 
is meant. 

The arrangement is not at all a new one, having been used more or 
less by Lea, Lewis, Call, Marsh, and other conchologists. Ilecently 
Fischer and Crosse^ in mouograi)hing the Mexican and Central Ameri- 
can Anodontas and Unios, group them in the same way, but apply spe- 
cial names to the sections. It seems to me that such names merely 
tend to cumber the literature, and uselessly add to the labor of the 
conchologist in committing them to memory. 

In arranging the Naiades of the National Museum, I have become 
convinced that this system of grouping, as I have outlined it, is practi- 

^Test, Fluv. Bras., ]». 33, 18*27. 

‘Lea believed that a natural elassificatiou would be founded on the development 
of the embryos in the internal or external branchiae, 

3Proe. II. S. Nat. Mus., XV, 1892, p. 405, and Amer. Nat., XXVII, No, 310, p. 353. 

•‘Miss. Sci, aux Mex. dans TAiu. Cent., 7th part, II, pp. 517, 555, 1894. 
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cal, and may be api>lied to every genus, and that we may thus refer to 
certain s]>ecies as belongiug to the group of Unlo Jittoralis, the grouj) 
of Anodonta vyijnen^ the group of iSpatha rnfwns, and the like. 

In 1817 Schumaclier^ subdivided Unio, and established the genus Mar- 
garitana for the IL {Mya) margaritiferm of Linineus, on account of the 
fact that it lacked the lateral teeth of the other species. Since that 
time a number of Korth American forms have been added to this genus, 
whieh has been quite generally aecei>ted as such by modern authors, 
among whom is Tryon:^ and as a subgenus by Lea'^ and Fischer.^ 

After a good deal of study of the animal and shell, I am forced to the 
belief that the different Margaritanas are merely a number of generally 
not at all closely l elated species of Unios, in Avhicli the lateral teeth — 
perliaps from various causes to be mentioned hereafter — have become 
either more or less blurred or depaui)erated. Some of these, by the 
characters of the shell and soft parts, evidently group with species of 
Unios in which the teeth are nearly or quite ]>erfect. In such si)ecies 
as Margarltana rugosaj Barnes, J/. con/ragosa^ Say, J/. eomplauata, 
Barnes, and M. caJrcoldj Lea, there are almost always more or less 
perfectly developed laterals which look as though they were diseased, 
and have a blurred appearance, the normally single or double lamelhe 
being divided into several irregularly developed, elongated ridges. 
^S^early all the species occasionally have as perfect teeth as any Unio. 
The National Mnseum possesses a series of young shells of J/. margari- 
Ufera (No. G0878) from the State of Ahishington, in which most of the 
specimens have fairly good laterals, and another specimen (No. 8(U\S(), 
U. S. N. 31.) in the Lea collection from 3Iassaehusetts has cardinals 
and laterals as i)erfeet as those of any Unio. The same is true of 
many specimens of this S]>ecies from Europe and northern Asia. The 
group whieh this species tyi)ifies is a l einarkable one, not only because 
it shows great variation in the development of the hinge teeth, but for 
its wide and somewhat peculiar geographical distribution, 1 place in 
it the following species, beginning with those which have the laterals 
least developed and proceeding to forms in which they are i)erfect: 

UNIO MARGARITIFERUS, Linn^us. 

All Europe; all northern Asia, including Ja])an ; northwestern North 
America south to latitude 40^ north; Upjmr 3Iissouri River; Canada 
and eastern United States south to latitude 40^ north, in streams 
draining into the Atlantic. Cardinals sometimes stump-like and 
imperfect; laterals generally wanting. 

‘ Essai d’uii nouveau syst. des habit, des vers testaeos, \k 137, 1S17. 

‘^Structural and Systematic Concbology, ]>. 210. 

^Synopsis of the Unionidie, p. 67 et se<i. 

^Manuel de Conchyliologie, p. 1001. 
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UNIO MONODONTUS, Say. 

Central part of the ^Mississippi Valley. The teeth are very variable. 
Cardinals usually (iiiite imperfect, or even rudimentary, though some- 
times well developed. Laterals present or absent, and showing every 
possible degree of develoi)ment. On account of this great variation 
the species has been placed about as often in Unio as 2Iargariiana, 

UNIO DECUMBENS, Lea. 

Northern Alabama and possibly adjoining States. Shell somewhat 
resembling U. monodontns, but shorter, wider, and with rather better 
developed teeth. 

UNIO HEMBELI, Conrad. 

Louisiana. Very closely resembles Unio margariiiferns^ but is occa- 
sionally slightly pli(‘ate on the posterior slope. The hinge is very much 
like that of the latter species, but in all the specimens I have seen the 
somewhat feeble laterals are always present. 

UNIO LAOSENSIS, Lea. 

Southeastern Asia. A somewhat smaller species than V. margarit- 
ifenis, but closely resembling it. The teeth are generally <]uite widl 
developed. 

UNIO CRASSUS, Retzius. 

Southern Europe. A large, very heavy species, often becoming 
ar(*nate wlien old, with very strong, well-developed cardinals and 
laterals. 

Conchologically and anatomically, so far as is known, the above 
species form a very natural group. All the shells are elongated, 
rounded before and behind; arcuate when old, without angles or 
s(‘ulpture, except in the ease of U. hembeli; with uniform, rayless, thick, 
dark epidermis; a curved hinge line, and a hinge plate which is nar- 
roAved and rounded just back of the cardinals. 

The fact of the presence or absence of lateral or cardinal teeth in 
(‘ertaiii of the Xaiades can not be taken as a proof of generic distinc- 
tion. In Java, the Philippines, and perhaps certain other islands of 
the East Indian Archi])elago, there is found a group of Naiades having 
moderate sized, thin shells, of a peculiar lurid purplish or reddish tex- 
ture, in which the ])rismatic layer forms a rather wide border.^ 

These species, all of which have greatly compressed teeth, exhibit the 
most remarkable variation in the degree of their development. Some 
of them have perfect cardinals and laterals, others to the naked eye 
are destitute of either, but with a glass show traces of one or both, and 

^Tbe group is typified liy Unio heugahnsis, Lea, but it is douiitful whether any of 
the siieeies are found on the continent. According to HaiiJey and Theobald (Conch. 
Indica, p. 62), U. hengalensis does not come from India, but from the Philippines. 
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tliese edentulous forms lm.ve been oeiierally called Anodontas. Hut it 
often happens that in a lot of individuals of a single sfieeies taken from 
one locality, there will be found every variation from perfect teeth to 
fhe merest vestiges. For this reason, and on account of the tact that 
most ot' th(^ shells of the group have beautiful, delicate, chevron-sha])ed 
beak sculpture^ which often extends v/ell on to the body of the sln‘ll, of 
a form (piite characteristic* of many Oriental Unios, I have no doubt, 
although we know nothing of the soft parts of the members of this 
group, that they must be placed with Vnio, Some of the Margaritanas 
evidently belong with well-known gioups of Unios. In the group of U. 
mitygaritlferus, I have given examples. Mur(farUan(i niffosa, Barnes, 
sometimes approac'hes so closely in external appeai'ance to Unio prcssns^ 
Lea, that one is labeled with the name of the otiier by competent stu- 
dents. It has the same compressed, elongate-rhomboid form, and both 
are niyed alike; the only essential ditference in appearance being that 
the former is usually somewhat corrugated on the posterior slope, while 
the latter is without sculpture. Immediately under the beak in the 
right valve in either species, the hinge plate is almost or entirely cut 
away. Just before this is a single cardinal, usually somewhat com- 
pressed, and on the posterior part of the hinge plate is a more or less 
perfectly developed lateral. It is usually considerably blurred, even in 
the Unio, 

In the left valve there is a triangular, compressed tooth directly 
opposite the missing portion of the hinge plate in the left valve, which 
is generally curved backward, and fits into the gap almost perfectly. 
Just before this is a slightly developed, compressed cardinal, and 
behind it in the Vnio two not very perfect, elongated laterals. In the 
Jl((T(jaritan(( the laterals of the left valve are generally blurred; some- 
times in old shells they are shown as a sort of rounded ridge, but 
frecpiently they run more or less diagonally across the hinge plate and 
point downward posteriorly, as they do in other species of the genus. 

In a specimen of Unio press ics before me, from White Liver, Indiana, 
the same direction is taken by the laterals of the left valve: the lower 
one running out and ending at the ventral edge of the plate, attaining 
only a little more than half the length of the other. In rare instances 
the laterals of the Margaritana are nearly perfect, and those of the Vnio 
(pdte blurred. The sculpture of the beaks in both species is much 
alike, that of the Vnio being finer. In both, it has a tendency to fall in 
two loops from points on either side of the beaks. The soft parts of 
these species are singularly alike. 

Proc. X. M. D5 20 
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COMPARISON OI DESCRIPTIONS OF UNIO PRESSUS AND MARGARITANA RUGOSA. 



Vmo pressus, Lea. 

Branch ia* lar^e, rounded below, free 
nearly the whole length of the abdom- 
inal sac. 

Palpi small, siibangular, united half- 
way down the posterior edges. 

Mantle thin, slightly thickened on the 
margins. 

Branchial opening large, blackish on 
the edge, and with numerous papilla*. 

Anal opening rather small, blackish, 
and without jiapilhe. 

Siiperanal opening rather large, united 
for some distance l>elow, blackish on the 
edges. 

Color of the mass, dirty white. 

Embryonic shell snbtriangular, light 
brown ; with hooks. 



Margaritana rugosa, Barnes. 

Branchiie very large, rounded below, 
the inner ones much the larger, free the 
whole length of the abdominal sac. 

Palpi rather small, subangular, united 
nearly halfway down the posterior edges. 

Mantle rather thin, much thicker on 
the margins, blackish on ]>osterior, basal 
edge. 

Branchial opening rather large, with 
small- brown pai)illa*. 

Anal o])euing rather large, without 
papilla*. 

Siiperanal opening very large, with a 
dark brown line within, united below. 

Coh»r of the mass, salmon. 

Embryonic shell triangular, brown ; 
with hooks. 



In Miirgnritana complanata^ Barnes, wliicli lias a beak senlpture 
quite like that of Vnio but coarser, a similar aiTangenient of 

teeth is seen, though the shell is heavier, more rounded, and the hinge 
plate is broader. In many siiecimens the hinge of the right valve is 
completely cut away at the beaks, and the cavity is filled by a corre- 
sponding tooth in the left valve. Vnio charlottensis, Lea, from North 
Carolina, an undoubted member of this group, has a form approach- 
ing that of Margaritana complanata^ but it is rather more elongated. 

Margaritana lioJstonia sometimes exhibits laterals, and in general 
form, size and texture so closely resembles some of the species of the 
group of Vnio nashinUensis^ that even Dr. Lea occasionally labeled them 
wrongly. M, confragos(tj 8ay, resembles no other Margaritana at all, 
but approaches more nearly in form to the Unios of the LaclirymosuH 
group, and the animal is remarkably close to those of that assemblage. 
Vnio hiesianiis, llende, of China, has the same kind of blurred laterals 
as the American Margaritanas, but it ap]>ears from conchological char- 
acters to be a member of the group of Unios typified In" V. sinoosis, 
liCa. 1 have dwelt at length on this part of the subject because the 
partial or total want of lateral teeth in the species of Margaritana is a 
very curious feature. I can only believe that they are all true Unios 
whose teeth have been modihed or injured by conditions of water, food, 
bottom, or some other element of environment. In some of them, where 
the laterals have merely become obsolete, such as those of the Margarit’ 
i/era group, I think the explanation is easy. M. monodonta and hihlreth- 
iana are found in running water under stoues,bnried slightly in the mud, 
and V. liemhcli lives in the nearly stagnant bayous of Louisiana, so that 
a strong, toothed hinge is not required to hold the valves in place. The 
heavy-shelled species that live in running water have blurred laterals 
which appear as if diseased, and it seems not improbable that they may 



1895. 



PROCEEDIXGS OF THE XATIOXAL MUSEUM. 



307 



Lave been subjected to injurious inlluenees in tlie matter of food, dele- 
terious water, or the like, until these charactei s liave beeouie more or 
less fixed. In every group of TInios to wliich these Margnritaims seem 
to belong, there are species in which the lateral teeth are more or less 
imperfect, which seems to show that they have been somewhat suscep- 
tible to these injurious influences. 

In view of the facts I have presented, and many others that might be 
brought forward, I am forced to the conclusion that tlie so-called genus 
Mar<}ariUuui consists of a number of species of Unios with depau])erate 
cardinal or lateral teeth, or both, and that they will have to be])laced 
in the genus TJnio. 

In southeastern Asia and some of the islands of the East Indian 
Archii>elago there is a peculiar group of Xaiades with greatly compressed, 
somewhat elongated shells, having slightly concentric sculpture, the 
species of which are almost or quite destitute of teeth, and have won- 
derfully brilliant, silvery, soft-tinted nacre. This grou]) consists of 
luobably but two or three spec'ies, though they have received a large 
number of names, and is fairly typified by a form which Deshayes and 
rl alien called Anodonta semper nvens. Xeaiiy all the s|)ecimens of the 
different species show, when examined with a glass, long, delicate, 
rudimentary laterals, and often vestiges of cardinals in the shape of a 
smooth, compressed elevation. One of these Lea named Mouocondphra 
compressa. They do not in anyway approach any Anodonta 1 know of, 
though most of the so-called species have been i>laced in that genus. 
Deshayes and JulieiE state that the animal is pure, milky white, Imt 
that they cannot give a detailed description of it, though it resembles 
in its characters generally that of the species (of Anodonta) common 
in streams and ponds.'’ They a])pear to be most nearly related to 
Unto semiaJatns^ Deshayes, and others of the Manjiiudis group. 

Koehebrune in 1882^ gave the generic name Jlannandia to Unio som- 
horiensis, Koehebrune. It is merely a peculiar fb//o, having the surface 
covered with somewhat radiating, sometimes slightly zigzag ribs, those <>f 
theposteriorruuning nearly horizontal, the remainder moreor less radiant 
from the unibonal region. Near the center of the disk, two or three of 
these irregular ribs before, and as many behind, (airve toward eacli other 
and join, somewhat after the manner of sev^eral South American si)ecies. 
Sculidure approaching this, but not so stronglydeveloped,is often found 
in U. CieniJeus iuu\ other Indian Unios. The laterals are double in each 
valve, and a small, thin lamella curves upward from the upi)er latcaal 
near its ])osterior end. A vestige of this third, upi)er, curving tooth is 
found in V. Jinctiger.^ Lea, said to come from Guiana, but undoubtedly 
an East Indian species, and the same character is found in U. erispains 
of Gould. 

Alollusqnes Nonveaux dii Cambodge. Xouv. Arch, du Mus«5uun Unll. IX, }>p. 122, 
123. 

=^Bull. Soc. rhilom. (7), W, 45, 40, pi. i, 18S2. 
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Grandidieria, Bourgiiigiiat, eivcted by that author into a gemis, and 
placed by liim in the tainily Corbiculida*,^ is merely a section of small, 
rather solid, intlated Central African Unios, often having compressed, 
retlecded, dentate cardinal teeth, much like those of ( ^)n<> par rns ^nd 
its allies of the United States, In 1888 Bourguignat claimed to know 
twenty-five species of this genus in Lake Tanganyika, and believed 
that if its waters were to be fully explored the number would be 
increased to one hundred. Xo further comment is needed on the woiL 
of the great master of the new school of French conchologists. 

Vhavaoma^ Bourguignat.“ is another of this author's African genera, 
which includes a few thin-shelled Unios, with compi essed, elongated 
cardinals and laterals. 

Ixnieas, Jonsseanme,^ is still another so called genus, consisting of a 
few small, thin-shelled, conceutrically-striated tropical African Unios. 

Microdontia, Tai»])erone Oaiiefri,^ was established for Fnio anodonti- 
fonnis, Tapperone Canefri, from the Fly Liver, Xew Guinea, and is 
]>i‘obably only a section of Unio. The very brief Latin desci’iption is 
wholly inade<}uate for its pro}>er determination. 

The characters of tlie shell aiid soft parts of the genus Fnio may be 
summed up as follows: 

Shell variable in foi'in, usually equivalve and iiieciuilateral, rounded, 
elongated, angular or syin])hynote ; with tubercular, zigzag, or eou: 
centric sculpture; beaks varionsl}" sculptured or smooth, and occasion- 
ally showing vestiges of a glochidium; epidermis thick, hinge line 
incin*ved in front of the beaks; liinge having normally one cardinal and 
one lateral tooth in the right valve, and two cardinals and two laterals 
in the left, or the^^ may be almost wholly lacking or greatly varied in 
arrangement: i)allial line entire; interior nacreous. Animal di(ecious; 
mantle o])en ; branchial opening oblong, fringed with numerous pa])ilhe; 
anal opening with or without papilhe, usually separated from the 
superanal opening; labial paljh generally wider than long, with free 
points, more or less united posteriorly; branchia* large, the embryos 
being borne in the outer or inner pair, or i*arely in all four of them. 

Genus BURTONIA, Bourguignat.-^ 

I am inclined to believe that the species of this genus, of whose 
anatomy nothing whatever is known, are merely peculiar, compressed, 
somewhat symphynote Unios. In such s])ecies as 1 have been able to 
examine, there are vestiges of cardinal and lateral teeth ; the anterior 
cicatrices are united, and the nacre is of a peculiarly rich, usually red- 
dish tint. 



* Bull. Soc. Malac. France, II, pp. 1-12, 1885. 

- Bull. Soc. Zool. France, XI, pp. 471-502, pi. xii-xiv, 1804. 

3 Bull. Soc. Zool. France, XI, pp. 481. 482, pi. xii, rig. 4, 1894. 
■‘Ann. ^lus. Genova, XIV, p. 229, pi. xi, rigs. 3-5, 1883. 
^Moll. Fluv. Xyanza, ])p. 20-23, 1883. 
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l^^roin the region of tlie beaks in the iiiteiior, thcr(^ s]>riii^s a s(a i(*s 
of slijn'Iit, radiatini*-, iiTegular ridg'c^s, and l)etw(M‘U th<‘ outer ends of 
these are three curious dorsal ei(‘atrices. Tliese are like the ])osterior 
cicatrices of an ordinary being rounded or seinicircailar, and not 

impressed. Tlie imsterior nmscle scars are very indistinct. 

The beaks are sculptimHl with somewhat scattered noduhis, wlii<-li 
are seen very ]dainly in Z>. ianijanificvnsis. Smith, but not so clearly in 
B. eUnujnta^ r>onrguignat. Two specimens of the latt(*r in tlie National 
IMiiseiim collection (No. 11^7190), seem to show the I'cmains of a glo- 
chidium quite distinctly; and this character, the Ixmk scnli)ture, and 
the rudimentary cardinal and lateral teeth, induce me to |)lace the 
group in the Unionidm instead of the Miitelida% to which it has been 
assigned. T1 k‘ shells frequently have the posterior end turned to the 
left or right like those of Tdlina, 

Genus ANODONTA, (Bruguiere em.) kamarck.' 

In 179lJ Bruguiere^ applied the name Anodontites to certain edentu- 
lous inollusks, tu-operly describing the genus, mentioning MytUus cyg- 
nens and M. anaihins of Linnanis, as belonging to it, and describing a 
new species, A. cris 2 )((ta of Guiana, which is now believed to have no 
generic relation to either of the other species. In 1797 he tigured, with- 
out text, a large number of sjiecies.^ This generic name was ado])ted 
by Cuvier, Poiret, Deshayes and others. 

In 1799 Lamarck changed the name to Anodonta,^ describing the 
genus, and citing A. cygnea, Linnanis, as the ty]>e. In 1805 lioissy^ 
explained that the genus was due to Bruguiere, but that Lamarck 
changed the termination, because in the nomenclature as then regu- 
lated, the termination ites indicated that the genus included onl}^ extincd 
species. Dr. Dali has worked out the above puzzling synonym}' with 
a great deal of care, and believes that under the rules of nomenclature 
a ^ they then existed Lamarck was justilied in making the change in 
termination — that A)iodout(( is synonymous with Anodontites, and that 
the former should be retained. 

The Aiiodontites crispata of Bruguiere, from northern South America, 
is fairly typical of a large group of the genus Glaharis of Gray, which 
is now placed by v. Iheringand others in the family IMutelidic. 

The genus Anodoni((, as now restricted, consists of Naiades with gen- 
erally thin, inflated shells, for the most part without shaiq) angles, and 
free from sculpture except on the region of the beaks. The hinge line 
is a regular curve and is not indented in front of the beaks as is that 
of Uuio, and this seems to be about the best distinguishing character 

1 Prodrome Class. Cotj., }>. 87, 17niC 

^Joiirn. Mist. Nat., I, p. 131, 1792. 

^Encycl. Meth., pis. 201-205, 1797. 

Prodroino ’Class. Co(j., p. 87, 1799. 

5 Hist Nat. Moll., VI, p. 312, 1805. 
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between the two genera. The liinge is eitlier destitub^ of teetli or 
exhibits them only in a rndinientaiy condition, and tlie naere is less 
brilliant, as a rnle, than it is in the Unios. Anodonta ImpUcata^ Say, 
and .L fenonlU, Hende, are greatly thickened usually in the anterior 
region, often becoming as solid as some of the Iteaviei* Unios. A. angu- 
Jafa^ Lea, is also quite a solid shell, and is generally strongly inflated 
and sharply angled on the i)osterior slope. According to Hemphill.^ it 
was found in hard, clayey gravel, in the Snake Liver, burrowing so that 
only the solid, angled i>osterior end came to a level with the surface. 
This is no doubt a modification of the shell in order to enable it to 
resist the shock of the currents, as specimens of the same species taken 
from still waters are thinner, more compressed, and almost entirely 
destitute of the posterior angle. This species has usually rudimentary 
teeth, and in the young both cardinals and laterals are often perfect. 

The shell is incurved in front of the beaks and it may be a true Unio, 
The animal of Anodontu is essentially the same as that of Unio^ and 
there can be but little doubt that the two genera are very closely 
related. Whether Anodonta or Unlo is the older it is ini])ossible in the 
present state of our knowledge to tell, as it is (juite probable that some j 



of the more ancient forms referred to the former genus are not Anodon- L 

tas at all. There can be, I think, little doubt that the thick shells and V 

hinge teeth of the Unios were developed in order to enable them to live j 
in currents, as they are generally iidiabitauts of streams; while the ' 



thin, edentulous shell of A^iodonta is caused by its living in still water; j 

the genus belonging, for the most part, to ponds, lakes, and canals. j 

The distribution of the true Anodontas is confined to the northern j 
hemisphere — for the most i>art north of the Tropic of Cancer, the j 
so-called species of South America being Glaharis^ and those of trop- i 
ical Africa belonging to Spatha and Miitda, all genera of tlie family ^ 
Mutelidm. The Anodontas are found throughout Xorth America as far 
south as southern Mexico; in northeastern Asia; in Japan and China, and I 

in the great region north and west of the Himalayas; also throughout j 

all Europe and northern Africa to the Desert of Sahara, excei)ting in I 

the Nile, which is peopled with Spathas and Mutelas. The embryo is a 
glochidium, and probably attaches itself to fishes as does that of Unio, ^ 

It is very difficult to draw the line between the genera Unio and Ano- J 

donta. In the United States there occurs a small group of species, some | 

of which have been placed with Margayltanaj such as M, elUotti,, Lea, J/. f 

tombigbeensis, Lea, and J/. eUiptica^ Lea; and others with Anodonta^ ! 

such as A. edentula^ Say. Tliese species are, with some others, closely 
related by characters of the shell and soft parts, and all undoubtedly 
belong to a single group of one genus. In many eases in this group, ! 
even in A. cdentula, there are fairly developed cardinals and even rudi- 
mentary laterals, and this, with tlie general character of the shells, 
leads me to place the species in Unlo, Anodonta fernssaciana^ Lea, and 
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ji few forms <^Toupin^* witli it, ap]iear to be nearly allie<l and to stand on 
the borderland between the two genera. In these species the hinge line 
is generally incurved at or near tlie beaks, and quite* a distiin*! vestige 
of a cardinal is often found, and occasionally rudimentary laterals. 

L.EPIDODESM A, new genus. 

In China there are found a couple of sjiecies of remarkable fresh- 
water bivalves of large size, thin structure, and greatly inhated form, 
with slightly nacreous interiors and triangulai* outlines. These mollusks 
were placed by Ileude in the genus Fnio, and by him were named T. 
laufiuilati and T. alif/erus, the latter of which he makes a variety of the 
former, but which seems to me (piite distinct. The shell has a strong, 
elevated, sharp ridge running from the beaks to the posterior ventral 
])ortion, and another more faintly developed behind this, which ends on 
the edge of the dorsal slope, thus making it strongly biangulate behind. 
The young shell, until it is half gi own, is sculptured into exceedingly 
strong, concentric ridges, which follow the growth lines, and which, 
in the later growth, become more crowded and less elevated, and are 
covered with a thick lamellar ei)idermis. 

The ligament is enormous; wide, elevated, and rather short, dark 
brown and shining, and composed of concentric scales, which lap over 
each other in a ])osterior direction, the Avhole looking like the back of a 
short, stout myriapod. The hinge line in a general way makes a i-ounded 
sweep, conforming to the high arch of the beaks, but directly under 
them it is incurved. 

Ill the left valve are two elevations which probably stand for cardinals, 
the anterior being elongated, running inwardly in a diagonal manner 
across the narrow hinge jilate, and ending abruptly at the anterior 
inus(‘le scar. Behind this is a vestige of another, much shorter and 
fainter, but running parallel with the hrst, this being on the incurved 
part of the iiinge plate, and Just forward of the beaks. 

Beneath the ligament are two strong lamellar laterals, the inner 
much the higher, and with its upper portion strongly curved out- 
ward. Just beneath the posterior part of the ligament this tooth is 
suddenly truncated, but the base extends some distance farther on. 
Rising from the dorsal slope of this large tooth, and growing partly 
out of it, is a smaller, lamellar tooth, truncated abruptly behind, and 
having its upper edge curved outward. 

lu the right valve there is a single large lateral, truncated behind, 
curving out at its upper edge, and htting between the two laterals of 
the left valve. Anteriorly its hinge ])late slopes inward, and bears at 
its inner edge a low, somewhat elongated cardinal, running nearly par- 
allel with the outer edge of the shell. From the beaks to a considerable 
distance in front of them is a kind of scaly, folded growth, of moditied 
epidermis perhaps, wliich extends from the outside of the shell half- 
way across the hinge plate, which, in life, no doubt, kee[)S the <lorsal 
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part of tlio valves a little way apart, ami this probably prevents the 
teeth from coming in contact, A single dorsal scar can be made out on 
the inner part of each hinge plate in front of the beaks; the posterior 
muscle scars are united, as are the anterior ones, and the palleal line 
is distinct. Xothing is known of the soft parts of this mollusk, but it 
probably belongs to the Unionidie, as the teeth, nacre, and muscle scars 
agree with those of that family. Unio langnilati^ Heude, may be con- 
sidered the type of the genus. 

Genus CRISTARIA, Schumacher. 

In 1814 LeaclR bestowed the generic name Dlpsas on Anoihnita i)Ueata 
(TIumphrey),Solander. This name had been nsed by Laur in 1708, and 
for that reason could not stand. Barhnla^ frequently applied to this 
and allied species, is an anonymous catalogue name, attributed to 
Humphrey. Cristarla^ bestowed by Schumacher in 1817,^ will have to 
be applied to the group. It consists of a few species of large, thin, 
usually more or less symphynote Naiades, inhabiting Chinese and rlap- 
anese waters. Usually there is, especially in younger shells, a fair 
develo])inent of lateral teeth, which, however, are often entirely wanting 
in old specimens, and occasionally there are rudimentary lamellar cai'di . 
nals. Some of the species have a row of peculiar, small corrugations or 
plications running from the beaks to the outer edge of the dorsal slope. 

1 know nothing of the anatomy of this genus, ^ but from a careful 
comparison of the shells of several of the species with those of various 
Cliinese Unios, I think it probable that they are depauperate forms, 
Avhich have descended from the group typified by U. cnmingi^ Lea. 
This species often shows i)lainly a row of plications on the dorsal s]o]>e, 
as do G.pllcatm and 0. spatlosa, in the Unios of the Cumlngi grou]> the 
cardinals are often more or less blurred, or nearly wanting in such 
species as U. delajwrfi, (hosse and Fischer, U. mge^^siamiSj Lea. and U. 
delphiuiis. Lea. Their teeth are sometimes broken up into small denticles 
or nodules, after the manner of those of certain Ilyrias. The sii])i>res- 
sion of the teeth in the ( -ristarias is probably caused by the fact that 
they are inhabitants of muddy places and still water, and they do not 
therefore need teeth, as do the Unios wliicli iidiabit streams, ^lauy of 
these are abundant in the rice fields of China and Japan. As the gi onj) 
seems to be a tolerably natural one, it perhaps may stand as a genus. 
Cnio .strinhoiy Adams, of which a shell in tlie National ^Museum collection 
(No. 85009) is said to have come from Formosa, is a thin, somewhat 
inflated shell, with greatly comi)ressed, feeble cardinals and laterals, 
and the specimen examined seems veiy near to Cristana discoidedyLea, 

^Zool. Miseell., I, p. 119, 1814. 

‘Essai d’uu iioiiv. syst., p. 107, 1^17. 

^The anatomy of the sjjecies Cristaria pHcaia has been wfiikod up, 1 believe, under 
the title of Dipsas pUvain, Lea, by Ishkewara in his “Introduction to the Anatomy 
of Animals/’ published in .lapanese at Tokio. The paper is not accessible to me. 
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bit'll, when young-, has usually well -developed eai'dinals. 1 believe 
both should be placed in the genus rnio. Cmsprdodonta (K\mvr, 3IS.) 
difters from Anodonta by a peculiar thin lamella at the hinge of the 
left valve, and is founded on Anodonta smaraydina, Anton.' 

The locality given is nneertain, but Glessin thinks it may be America. 
The tigure rei>resents what is i)r()bably an immature shell, of a species 
unknown To me, and is, 1 think, a young Crhtaria with a rather high 
dorsal riilge, which may be 0. //crcidcu, ^liddenih^it. 

Genus ARGON AI A, Conrad.- 

lu the rivers of China and southeastern Asia certain peculiarities of 
eitvironment seem to exist, which, in some cases, u ondei lullj modit\ 
the teeth of bivalves, and in others inodnee curious distortion. Men- 
tion has been made in this paper of the remarkable vertical striation 
of the teeth of some of the Chinese Unios, a character which is not 
contiued to this region, and may be a mechanical development to 
strengthen the shell. A large number of these Unios are .strangely 
distorted, of which an account will be given later under the heading 
“Oriental Eegiou,” in the discussion of geographical distribution. 

In the Areouaias the twisting is both axial and lateral, and I have 
no means of knowing whether or not this contortion is always in the 
one direction. However, in certain species of Unios in the grou])s 
typified by V. pisciciihus, Heude, and U. triformis, lleiide, the shells 
may be turned sharidy at the posterior end either to the right or the left. 
It is doubtful whether A rcoauitt is gcnerically distinct from Uido, but 
as the anterior part of the shell is always developed into a little wing, 
and the cardinals differ somewhat from those of auy Cnio I kuow ot, 
it is perhaps best to let it stand as a genus. According to Deshayes," 
A. contorta has the mantle lobes separable as in Lnio. 

Genus PSEUDODON, Gould.' 

The species which are now generally included under this generic 
name were placed by Lea and other authors in 2IouocondyJ(tci an 
unrelated South American genus — on account of the similarity of the 
hinge characters. In most of them a single rounde<l cardinal tooth or 
tubercle is found in each valve, and there are no laterals present. 
Lefitiminaia, Conrad, consisting of a few species of com pres.sed Xaiades 
from southern Europe and western Asia, with vestiges of cardinals, 
which genus was included by Dr. Lea in Monocondylaa, is now generally 
regarded as a valid genus, so that all the species 1 should place in 
Psendodon are conlined to southern and eastern Asia, and a few ot the 
islands of the Malay Archipelago. 

The group, even when separated from Monocondyla-a and Leyuminaia, 

iciessiu, iu M.'irt. Chem. Coueb. Cab. (AuoUonta). p. 03. 1S76. 

2Amer. Joiirn. Couehology, I, p. 23i, 1865. 

sjoiini. (le Conch., XXII, p. 85. 

■‘Proc. Bost, Soc. Nat. Hist., p. 161, 1844. 
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is not a natural one, and is made up of wliat are probably depauperate 
Unios of different groups. Desliayes aiul Julieid state that tbe animal 
of 2[o)wcon(hjl(va {Pscudodon) tiimida^ IMorelet, is identical in character 
with that of Vnio and Anodonta. This is corroborated by Fischer,-^ who 
probably based his statement on that made by Desliayes and Julien. 

There seems to be a peculiar tendency on the part of many of the 
Naiades of southern and southeastern Asia to develop aborted or 
imperfect teeth. This is shown in Crisiaria; in the groups of Unios 
tyxiified by U, bem/aJensis and U, semper vivens^ and in Unio hiasianus, 
in which, as has been heretofore mentioned, the laterals are blurred, 
much as in some of the North American Margaritanas. Many of these 
Pseudodons seem by the form of the shell and its general appearance to 
be closely allied to certain groups of Unios 5 thus I\ phmulata^ Lea, 
which has defective laterals and cardinals, is very near in form, texture 
and nacre to Unio marginalise Lamarck. Ilowever, since so little is 
known of the anatomy of these Oriental forms, it is perhaps best for the 
present to let the genus stand. 

Genus LEGUMINAIA, Conrad.^ 

In 1865 Conrad applied the above generic name to the Monaco ndyl(va 
mardinensis of Lea. In the following year Vest'* gave the name Micro- 
condijhva to Alasmodonta honelli of Ferussac. From a study of the shells 
I believe the two species, together with a few others in southwestern 
Asia that seem to be nearly related, should be placed in one genus, and 
in that case the name MicrocondgUvae which has generally been applied 
to Ferussac’s species, must be placed in the synonymy. The shells, for 
the most part, are elongated and compressed, smooth, with slightly cor- 
rugated beaks, and have somewhat the appearance of Spathas. The 
hinge is without laterals, aud in place of the cardinals there is in each 
valve a single, low, compressed tubercle or hook. According to Drouet,^ 
the branchial lamelheof L. honelli are joined on the back; the internal 
are not adherent to the abdoiniiml sac; the external are united to the 
mantle throughout their whole length ; and Clessin states^ that the man- 
tle is open the whole length, and in this respect the animal is like that 
of Unio, Nothing definite is known of the soft parts of the Asiatic 
forms. Pscudanodontae Bourguignat, is no doubt a synonym. 

Genus TETRAPLODON, Spix.' 

The above name was applied by Spix to Unio peciinatuSe Wagner, 
which is believed by Lea to be the equivalent of Castalia truncatiis 
of authors. The name Castalia commonly applied to this genus can 

^Nouv. Arch. Mils. d^Hist. Xnt. Paris, X (1874), p. 118. 

"Man. de Conchyl., p. 1001. 

^Amer. Journ. Couch., I, p. 233, 1805. 

^Verh. n. Mitth. d. Siebeu. Ver. f. Natur., 1866, p. 201, 

5 Bull. Soc. Philomathique, 7th Serie, VII, p. 1. 

6 Mai. Bliitt., XXII, p. 129. 

^Testacea Fluviatilia Braziliana, 1827, p. 32, pi. xxv, figs, 3, 4. 
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not stand, as it was preoecui»ied in Vermes by Savigny in 1817. Tlie 
name rrisodou of Sclmmacber, wliicli is sometimes given to this genus, 
will have to be usc<l, I think, for the symphynote forms belonging to 
the gronp commonly called Hyria. The systematic position and rela- 
tionships of this group have been discussed in this paper under the head 
of general class! tication, and the genus undoubtedly should be placeil 
with the Unionida'. According to Orbiguy,' the animals examined by 
him had the mantle free the whole length, except in the anal region, 
where it was developed into two short distinct tubes, of which the bran- 
chial was the larger and furnished with cirri. The branchia- were large 
and .slightly unequal, and the rounded palpi were very large. 

The Adams brothers state that the outer gill is muted to the mantle 
as far as its extremity, which does not agree with the observations of 
V. Ihering. According to this observer, Tetraplmlon qiuidrilatcm has 
a I’ouuded triangular glochidium without hooks, the embryos being 
developed in the inner gills. 



Genus CASTALINA, v. Ihering." 

This genus, of which certain characters have already been discussed, 
was founded by its author for a few species of South American Xaiades 
which have a somewhat triangular outline and appear to stand about 
midway between Unio and Teiraplodon. The fact, as y. Ihering 
declares, that shells of certain species ot the group may contain animals 
with an open mantle which are perfect Unios, and that others have soft 
parts with clo.sed siphons, and are therefore Tetmplodom, shows that 
there is a very close relation between Vnio and Tefraplodon, and that 
this is a transition group, which, from the characters of the animal alone, 
would not be worthy of generic rank; bnt the shells are sulhcieutly 
distinct from both the above genera to be separated without great 
ditliculty. 

Their cardinals are much like those of Cnio, only more numerous, 
and the laterals often have traces of vertical or oblique striatiou, while 
the posterior ridge is less strong than it is in Castaha, and the shells 
are more compressed. 



Genus PRISODON, Schumacher.^ 

The genus Prisodon included under Seetion A, P. obliquus, Schu- 
macher* which is a species that has since been placed in Lamarck’s 
genus llyria; and under Section B, P. truncatus, Schumacher, a mem- 
ber of another genus, whicli is now more commonly put in Lanmicks 
Custalia. The excellent figures and descriptions of these species leave 
no doubt that the above conclusion is correct, while the generic descrip- 
tion fairly covers the first species, and it seems to me, not withstanding 



‘ Voy. Am. p. 597. 

^Zuol. Anzeiger, 1891, p. 478. ^ 

^Essai Xoiiv. Systvim* ties Habit, vers Testac<5s, 181 <, ]>. Iw , p . x . “• 
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the fact that authors .ueuerally liave based this genus on 1\ truncatus, 
it must be established on P, ohliquns, the first-described speciesd 

The corrugated speiues of this genus liave somewliat radiately sculp- 
tured beaks, while the smooth forms seem to be destitute of beak 
sculpture. 

Genus SOLENAIA, Conrad. - 

In southeastern Asia and possibly Australia there is a group of 
remarkable fresh-water bivalves, having a greatly elongated shell and 
foot, and bearing some resemblance to Mi/ceto 2 )n.s of South Ameiaca. 
Lea placed these forms with this genus, ^ but in lS(i9 Conrad called 
attention to the fact that the shells had a long rudimentary lateral, 
and gave them a generic name, as above. Fischer, in a carefully written 
paper, places the oriental forms in Mycetoinis. The foot of the latter 
genus is enormously developed, cylindrical, and enlarged at its 
extremity like a mushroom. This remarkable configuration of the 
shell and foot are to enable the animal to burrow in the sand or mud, 
where it lives in a vertical iiosition. Fischer communicated with 
Heude in China, who had described a large number of s^ieeies, and at 
his request the latter gathered all the information possible concerning 
the species of that country. They, too, have a greatly elongated foot, 
enlarged into a button at its extremity, and burrow in the mud in 
shallow water. Fischer was no doubt deceived by the hict that similar 
environment had produced similar modifications in two unrelated 
groups. Pnio dehiscens^ Say, of the United States, has an elongated 
shell and a greatly lengthened club-shai>ed foot, and it also burrows; 
and 1 have mentioned the case of Anodontn (nujulata. Lea, which buries 
itself in the bottoms of rivers and closely resembles one of Heude’s 
species. Unio anodontoides, Lea, a well-known form of the Mississippi 
Valley, was found by Mr. John B. Henderson, jr., in burrows from nine 
to twelve inches deep, in soft mud in the Maramec Liver, Missouri, with 
the foot greatly distended. Yet none of these are Mijceiojyus, or at all 
closely related to it. 

The South American species differ considerably in form from those 
of Asia, being generally more rounded posteriori}", their shells smooth 
and of a delicate texture, and having interiorly a wonderfully soft, 
pearly nacre, while the oriental forms are rather rough, often concen- 
trically sculi)tured, and covered with a heav}" epidermis; the nacre, 

’Lea applied Schumacher’s name Prisodoa to the P. inuicatua of that author (Syn- 
opsis of the Uiiioniche, p. 27, 1870), stating that this name (Pnsodon) could not he 
used for his first species (P. obUqnus) because Klein, in 175.3, had given the name 
Triquetra to these syinphynote Naiades. As Klein was not a binomial author, Tri- 
queira can not stand, and the generic name Prisodon will have to be given to P. obli- 
quus and the species of that group. Schumacher’s Paxyodon, described on page 139 
of the Essai, is also a Prisodon. 

^Amer. Journ. Conch., IV, }>t. 4, p. 249, 1869. 

-Synopsis of the Unionida*, p. 90. 

‘’Journ. de Conch., XXXVIll, p. 93, 1890. (Observations on the genera Myceiopus 
and SoUnaia. Second note.) 
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tlioiigli slightly- pearly, is dull, and their beaks are plieately seiilptmed 
so far as I have been able to observe, while those of Mijcetopus are 
smooth. All of these Old World forms have a vestige of a lateral 
usually in eaeh valve, while the South xVmericaii si)eeies are either abso- 
lutely edentulous or present slight traees of taxodoiit teeth. These are 
sometimes so faint and so concealed under the external layers of nacre 
that they can only be seen with a strong glass and a good light, but 1 
have observed them in several specimens. Besides this the two groups 
are separated by half the diameter of the globe, and I know of none 
found fossil at any intermediate points. 

There is a shell described by Higgins as Mycitopnn which 

he states came from the Upper Amazon, but which 1 am inclined to 
believe'is oriental. It has the dull color of the recognized species of 
Solenaia, ^nd the anterior basal portion of the shell is drawn down into a 
curious projecting lobe. Af. falcatus might be almost taken for a dimiii- 
nutive form of Solenaia soleuiformis. Lea, from Soutln astern Asia. 

Some of the s])ecies of Solenaia closely resemble Anodonta aiujulata 
of California, and it would not surprise me if the young of the former 
might sometimes be foiiiid with rudimentary cardinal teeth, or that this 
so-called Anodonta^ which seems to be an aberrant form with a strongly 
developed foot, should prove to be a Solenaia. 

Sowerby credits to Australia one species of the genus under considera- 
tion. This is the A[i/cefo2)us of Sowerby, described in the Con- 

chologia leonica.^ It is irregulaily, concentrically wrinkled, and the 
anterior basal portion is somewhat produced, like that of Lea’s M. 
emarginaUts, while the posterior part is wide and obliquely truiicated, 
after the manner of Lea’s si)ecies, to which it is no doubt closely related. 

If these two genera are separated, Solenaia, which is oriental, being 
idaced in the IJnionidm, and Mgeelopus, a strictly occidental gi oup, in 
the ]Mutelidm, as I believe they must be, they do not sui)port the theory 
of a connecting antarctic continent, or render it necessary to account 
for their distribution. Ihering has separated the genera as I do, but 
places them both in the Mutelidic.^ 

The following genera have been referred to the Unionida^, but their 
rank and position are extremely doubtful, or they belong elsewhere. 

AustralieUa, Tennison Woods, ^ has concentrically sculptured valves, 
but is not nacreous and therefore not a Naiad. 

Johja, Bourguignat,^ has been placed near Mniela by its author, but 
is probably a marine or brackish water form. 

Bgssanodonta, d^Orbigny,® of the Parana Kiver, has been often put 
in the Unionidai near Anodonta, but it belongs in the Wytilkhe. 

^ Proc. Zool. Soc., London, 1869, p. 179. 

2 Volume XVI, Muctiopus, No. 7, 1868. 

3 Arebiv fiir Naturg,, 1893, p. 52, 

^ Trans. Eoy. Soc, Viet., XVH, 1881, 1882, p. 82. 

^Lettres Malacologiqnes, pp. 42-44, 1877. 

® Voy. Am. M6r,, p. 621, 1816. 
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GahiUotia, Servaiu,^ is typified by G. lyseudopsiSy Locard, of Lake 
Autioeb, Syria. I do not kllo^y its position. , 

Zairia^ Eocbebrune,' proposed for Z, discrepans^ Eocliebrune, etc., ^ 
from the Congo. 

Coliotopterum, Boiirguignat,^ l)i*oposed for 0 . Bourguignat, j; 

is probably a form of Anodonta cygnea. The publications containing the 
last three genera are not accessible to me. 

From the foregoing descriptions of genera, I am able to deduce a diag- 
nosis of the family tTnionidic, which I think will contain all the valid 
genera heretofore described, and which will have to be, in our present 
state of knowledge of the anatomy, founded largely on shell characters. 
These, I think, when understood, are sufficiently" distinct and constant 
for use in separating the two families Uniouida 3 and Mutelidm. The 
force of this statement is added to when it is considered that the | 
arrangement I propose, which is founded so largely on shell characters, 
fully agrees with what we know of the facts of geographical distribu- 
tion, of the paleontology of the Naiades, and the classification of v. 
Ihering, based on the characters of the embryos. | 



Shell usually equivalve and inequilateral, smooth or variously sculp- i 
tured, angular or rounded, syinphynote or non-symphynote, covered with ! 

a thick epidermis, which may be green, brown, yellowish, black, rayed, 
or variously painted; healcs ns uaUy seiil2)tu red with coucentiic ridges, 
corrugations, chevwon-shaped or radial patterns, or jmstules, often show- \ 
ing remains of the nuelear shell; ligament opisthodetic, well-developed, 
external except when the shell is syinphynote. Interior nacreous; with 
or without hinge teeth, hut showing vestiges of them in every genus; when ' 
present always schizodont and arranged as cardinals^ laterals (pseudoear- | 
dinals and pseiulolaterals), or both; adductor scars generally distinct, 
the anterior commonly impressed ; pallial line simple and generally well 
marked; 2R'ismatie border usually narrow and not cons2)ieuons. 

Animal: Labial almost always wider than long, having the U2>2^er 
2)artsof the 2>osterior margins united; anal opening usually se2)arated from 
the siqyeranaL IMantle either free or closed posteriorly to form a bran- 
chial opening. Embryo a glochidiunq the soft parts being inclosed in a 
pouch-shaped bivalve shell, either with or without hooks, and borne in 
the inner or outer, or in all four leaves of thebrauchhe, which are modified 
to foiin a marsupium.-* 

^BulL Soc. Mai. France, VII, p. 296, 1890. 

-Bull. Soc. Mai. France, III, j)p. 1-14, ])1. i, 1886. 

^Bourgnignat, Lettre.s Malacologiques, pj). 45-48, 1882. 

^ In the above description I have italicized the most important characters, and those ^ 
which contrast most strongly with the same in the Mutelidic. 
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The followiug is a list of genera \rliicb I place in this family: 



Unw, Ketzius. 

Anoilontaj (Brugui^re em.) Lamarck. 
PrlsodoHj Scbumacher. 

Teiraplodon, Spix. 

Castaiina, v. Iheriiig. 

Burtonia, Bourguiguat. 



Crisiaria, Sclininacber. 
Lep i d odes ma, Simpson. 
Psemlodon, Gonbl. 
Leguminuia, Conrad. 
Soleuaia, Conrad. 



Jvcouuia, Conrad. 



l\amilv MUTELID.d^:. 



Genus MUTELA, Scopoli. 



As yet, we know very little of the anatomy of this or several other 
groups of African Naiades, and upon shell characters alone it seems 
difficult to decide whether this should be united Avith Sjxitha or kei)t 
separate. Typically the shells are quite distinct; those of MiiteUi 
being thin, elongated, and often furnished with quite well-devclo])ed 
taxodont teeth; while those of Spafha are solid, oval or oblong in out- 
line, and have only a low, compressed tubercle or shoi*t ridge on the 
hinge line. l>iit there ore species which are so completely intermediate 
that it is very difficult to say to which groiq) they belong. Most of them 
have unusually soft, brilliant nacre, generally inclining to bluish in the 
characteristic Mutelas, and to coppery in the Spathas. According to 
Clessin,^ the mantle lobe of Miitehi is united as far as the middle of the 
ventral margin; the animal has two stout siphons, and the shell gapes 
in front. Fischer states^ that the pal])i are long, curved and rounded 
at their extremities, and that the external branchhe are united to the 
mantle throughout. Adams Brothers^ say that in Mutela the inner gill 
is entirely united to the foot, while in Spaiha it is free. If this distinc- 
tion could be proved to be good throughout, it would be a sufficient 
character on which to base the two genera, but in Unlo it is well knoAvii 
that the union of the inner gill AYith, or its separation from the foot, or 
the connection of the outer gill with the mantle, is very variable. 

Mutela dubia^ Gmeliii, shows two or more slightly compressed eleva- 
tions on the hinge line, especially in the left vah^‘, and sometimes 
smaller denticles, Avhile in ^[. exotica^ Lamarck, the whole hinge line 
is often strongly crenulated. 

The name Mutellna^ which was proposed by BourguignaF as a genus 
to include Anodonia seneijalensis^ Lea, and Muiela ro>stmt(E Bang, is 
synonymous with Mntela and 

Uutr. Hist. Nat., p. 397, 1777. 

^Kiister, Coneb. Cabinet, IX, 1. Abtb., p. 191. 

3 Man. (le Coueb., p. 1004. 

^Tbe Genera of Kecent Mollusca, II, pp. 505-507. 

*Esi>. nouv. et gen. nouv. des grands I.acs Africains, p. JSS, 18S5. 
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Genus CHELIDONOPSIS, Ancey.^ 

Ill 1S8G llocliebrune^ established the generic name Clielidoneum tor 
Miitda Kochebruue. The name having been used previously for 

a mollusk of the family Philinidje, Aneey clianged it to that given above. 
I have not seen C. arietina, but a fine specimen of C, liirmido^ v. Martens 
(which liochebrnne included in his genus), is in the National Museum 
collection, and is certainly a i^eculiar shell. It has the anterior dor- 
sal part developed into a sharp point lik<* a Frlsodon or Arcomda^ and a 
curious, elevated wing-like carina running from the beaks to about the 
middle of the posterior end, which most decidedly gapes, with a sort 
of diamond-shaped opening. rJust in front of the posterior end each 
ridge is developed into a tubular spine, which, in the specimen I have 
seen, is nearly half an inch in height. One of these, in the shell 
examined, is closed by shelly matter: the other opens into the interior. 
The whole is covered with a thin, smooth epidermis, and in texture 
and color strongly recalls MuteUi, 

Genus SPATHA, Lea.'^ 

This genus has been discussed under the head of Mutela, While 
most of the shells have a rich coppery naere and are smooth externally, 
one species, which may perhaps be ]daeed here, Spatha rignonianaj 
Bernardi, is of a greenish lurid texture thi-oughout, and has the sur- 
face sculptured into a sort of reticulated and zigzag pattern, the only 
instance I know in which a Mutelid is trul}^ sculptured. There is a low 
groove running down along the dorsal slope in this species, and the 
posterior end is somewhat angulated. I believe that the African Xaiads, 
which were referred by the older authors to Anodonia^ belong in this 
group or in Mntela^ and that no true members of the former genus are 
found south of the Sahara. While most authors agree that Spatha has 
the mantle developed into siphons, yet in S. {A)iodonia) chaiziana, 
Kang, the branchial opening is not closed.^ 

According to Clessin,^ the lamiine of the gills are united in perpen- 
dicular rows. 

The shell of S, ahita^ Lea, shows slight nodules in certain specimens 
embedded under the external nacre along the hinge line, which are no 
doubt vestiges of taxodont teeth. 

Moncetidj Bourguignat,® is (luite likely a group of compressed 
Spathas, which may possibly be worthy of subgeneric rauk. Its author 
states that the beaks are smooth; that there is a tubercular eminence 
on the hinge line of the right valve in the cardinal region, without a cor- 

> Concliolo^ist's Exchange, II, p. 22. 1887. 

-S. 13. Nat. Er., 1886, pp. 3-5, pi. i, figs. 1-4. 

3 Trans. Phil. Soc., VI (n. s.), 1858, p. 141, footnote. Type, S. ruhena, Lea. 

^ See Lea's Synopsis of the Unionithe, p. 70, 1870. 

^Kuster, Conch. Cab., part 234, p. 184. 

®Esp. nonv. et gen. nmiv. des I.acs Africa ins, })p. 34-36, 1885. 
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responding- one in the left, and a smooth lateral lamella as in Marcjari- 
tana; that it has two ligaments, both internal, and tlm^e groups of mns- 
(*nlar impressions. The tignres represent what seem to be diseased or 
stunted specimens, aiid I can not say where the group should be ])laced, 
never having seen shells of it. It may not b(‘ a Mutelid, or even a 
Xaiad. 

Genus PLEIODON, Conrad.' 

This genus, consisting of a few African species, has been much con- 
founded in time ])ast. Conrad gave it the almve name in 1834, and it 
seems to m(‘ to be perfectly distinct from all others. In 1871 (Mil placed 
the species with the g<*nas TrhUna (whicdi is synonymous with MuteJa) 
in a separate family,- wliicli he called Iridinidic, while Fisclier^ makes 
Fh iodon a mere section of the genus ^fntela, Tlie shells are solid, ovate 
in outline and inllated, with smooth, shining, greenish epidermis, and 
the teeth, which are irregularly taxodont, are strong, usually somewhat 
obli([ue anteriorly, and more or less perfectly V-shajM^d posteriorly, 
their bases pointing forward. In the middle of the liinge they are 
often broken and blurred, sometimes crossing the hinge plate in zigzag 
lines. The teeth in young shells are often quite oblique. 

Pelseneer.Mn an able paper on the anatomy of rieiodon. states that the 
labial ])alpi are semilunar, with a long, straight attachment; that the 
gills divide the pallial chamber into two <iuite distinct spaces, so that 
there are three openings into tlie mantle cavity — i)edal, branchial, and 
anal. It has a closed branchial siphon, and the mantle border is united 
for some distance lorward. 

Cameronla of Bourgnigiiat^ is based on characters which, according 
to the above writer, vary much in ditferent individuals, and I doubt 
whether it is a valid genus. The shells are solid, inllated, with a heavy 
hinge ]date, in which the teeth are somewhat taxodont, as in Pleiodon. 
Bourguignat claims distinction on account of its having elongated 
anterior teeth, a character which is not shown in many of the specimens 
he tignres. In the shells I have seen, the hinge seems to be diseased, 
the teeth are blurred, and the plate is somewhat s})lit up anteriorly, but 
crennlated, and I should hesitate before (*alliug these ridges lamellar 
teeth. 1 should not give the group, at most, more than subgeneric rank 

Genus BRAZZ^A, Bourguignat.*^ 

Inflated, thin, shining, toothless shells, with smooth beaks, having a 
purplish interior, and numerous (4 or more) deep dorsal cicatrices. 
There is a strong, triangular escutcheon at the end of the ligament, and 

^ Joiiru. Acad. Xat. Sci. Pliila., VII, ISai, p. 178. 

“Arrangement of the Families of Mollnsks, Smith. Misc. Coll., 2U7, p. 20. 

^Manuel de Conch., p. 1001. 

Mns, lielg., IV, pp. 116-128. 

•‘^^loll. Nyanza Onk., p. 10, ISSO. 

^Es]). nonv. et gen. nonv. des Lacs Africaius, pp. 32-34,. 1885. 
ihoc. X. ^I. IG lil 
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the left valve is dorsally winged, while the right is not. 1 have not 
seen any of these singular shells, but from the hgnres and descriptions 
I should think the genus was a valid one, and that it belonged with 
the Mutelidie. It was proposed fur B, anceip, by Bourguignat. 

ChamhanUa of Bourguignat, a new name for the Egyptian Iridinas,^ 
probably contains nothing which can not be satisfactorily placed in 
other genera. The publication in which the genus is proposed is not 
accessible to me. All the foregoing genera of Mutelidic are from 
Africa south of the Sahara desert, with the exception of the Nile, which 
is peoided with these forms to the Mediterranean. Some of the species 
extend south into the Cape region. 

Genus GLABARIS, Gray.^ 

This generic name has been adopted by the Adams Brothers, von 
Ihering, and others, for South American Naiades with edentulous hinges, 
which had until 18T7 been placed in Anodonta. So far as 1 know, no 
true Anodontas are found south of Mexico, all the Central and South 
American forms 1 have seen being undoubtedly members of the genus 
Glabaris. The shells of this group, though resembling those of Ano- 
donta in the fact that they are without teeth, are really (juite distinct, 
and when once the differences are understood, there need be no diffi- 
culty in distinguishing them. 

The shells of Glabaris are usually of more solid structure than those 
of Anodonta. and some of them are covered with the peculiar clothlike 
epidermis which is found on a number of the Monocondylmas. The 
nacre is of a peculiarly soft, often brilliant and iridescent texture, in 
strong contrast to the lusterless interiors of most of the Anodontas. In 
a few of the species typified by G. tenebricosa^ it is a sort of lurid greenish 
hue, but in these its tints are soft and rich, rreipiently slightly ele- 
vated rays reach out from the cavity of the beaks, especially in those 
with the brightest naci e. There is in nearly all eases a well-defined and 
tolerably broad border of the prismatic layei* shown around the inside 
of the shell, which is generally darker in tint than the naere, and often 
semi-transparent. In the G. laio-manjinata group this is especially dark 
and broad, being often as much as a quarter of an inch in width. It is 
caused by the fact that the mantle does not deposit nacre to the border 
of the shell. Traces of taxodont teeth have been noticed in some of the 
8outh American si)ecies by v. Ihering and the writer, and these are 
sometimes present in G. granadensis of Nicaragua. 

According to d'Orbigny,^ Iridiaa [Glabaris) irapezialis^ Lamarck, and 
other allied species, are characterized by having distinct siphons, while 
in G. membranavea^ Orbigny, which probably is the same as G, lato- 
marginata^ Lea, the borders of the mantle are free at the siphonal 

^ Bourguignat, in Servain, Bull. Soc. Mai. France, VII, pi>. 304:-315, 1890. 

2Proc. Zook Soc., London, 1847, p. 197. 

3Voy. Amer. M<5rid., pp. 596, 617. 
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region. The embryo, as v. Iheriug has shown, is a lasidium. By tlie 
characters of tlie shell most of tlie Glaharis are closely related, and v. 
Iheriiig has placed these two species in the same groni>. Here, then, 
in another genus, is an example of the great variation of siphonal 
development in closely related forms, which helps to prove that the 
character is not constant. Dr. Lea found that in (7. u'l/mani^ Lea, and G, 
lato-marginaitG Lea, the branchia* were united their whole lengtli to the 
abdominal sac, and the palpi of both were rounded, and he stated that 
ill this latter respect they differed from all North American Anodontas 
he had examined. The superanal opening was not united below. And 
in GJabaris strebclij Lea^ of Mexico, which is closely allied to the South 
American forms, he found the same kind of rounded palpi which were 
united only above. The genus is distributed from central Mexico all 
through Central and South America to Patagonia, but has not been 
found west of the Andes, though a number of Unios are met with in 
that region. 

Genus LEILA, Gray.* 

Couchologically Leila is very close to Glabaris, The color, form and 
texture of the shells are the same as in species of the Trapezialis group 
of GIabarh\ and, like most of those forms, they gape more or less in 
the anterior ventral region. According to von Iheriiig Leila has siphons,^ 
and the pallial line in most specimens is quite deeply and broadly 
indented in the siiihonal region. But the latter character is often found 
in a less degree in the shells of Glabaris trapezialis and its allies, espec- 
ially G. slHuataAind G, anserina. Both Ijeila esula and L, blainvilltana 
occasionally show vestiges of taxodont teeth near the beaks. The 
range of the genus is much the same as that of Glabaris. but I do not 
know of its having been found in North America. 

Genus MONOCOND YL^ A, d^Orbigny.^ 

This group was first described as a subgenus of Unio. and was 
afterwards given generic rank in the author’s great work on the mol- 
lusks of South America. 

Spix’s name, Aplotlon^^ was preoccupied by Bafinesque, in Heliacea 
in 1810, and therefore it must be relegated to the synonymy. 

The shells of this group are generally solid, with a rather rough, 
brownish or greenish, cloth-like epidermis. The right valve has a large 
tooth opposite the beak, and a smaller one some distan('C forward of it. 
The large tooth of the left valve fits the space between, and there are 
occasionally small scattered denticles on the hinge plate. According 
to d'Orbigny,^ MonocondyUva ejuarayanay d'Orbigny, has long, rounded 

CSyu. Bnt. Miis., 1810, p. 142. 

^Zool. Auzeiger, Nos. 380, 381, p. 2, 1801. See also Fischer, iMau. tie Conch., p. 1003, 

^Ouer. Mag. Zool. Cl., V, No. 62, p. 37, 1835. 

'‘Test. Fluv. Braz., pi. xxv, figs. 1, 2, 1827. 

^Voy. Amer, Mer., pi. lxviii, fig. 7. 
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labial palpi, which are attached in a curved line above, and which are 
not united posteriorly. Otherwise the animal does not seem to differ 
greatly from that of Uiiw, 

Genus FOSSULA, Lea.* 

Ill 1870, Lea separated Mo)ioeond}jlcm fossieulifera^ d’Orbigny, from 
the genus in which it had been formerly placed, and gave it the above 
generic name. The shell is solid, and externally quite closely resembles 
that of Olaharls Jato-marglmitft, Lea, but the hinge is peculiar. In that 
of the left valve there are two distinct humiis, with a depression between, 
which latter is opposite the b(‘ak. In the right there is a large, blunt 
elevation which fits into this depression of the left valve; then behind 
this is a pit, and still behind it a smaller hump. Frequently a smaller 
set of denticles are seen above one or more of the pits, which project 
into a sort of ligament in the up])er ])art of the hinge. This latter 
character is shown more plainly in a species recently named F. Ixilzani 
by V. Ihering. The animal is said by this author to S(‘arcely differ 
from that of Glabaris.'- 

Genus IHERINGELLA, Pilsbry.^* 

In 18oP, Lea applied the imme Flag iodo)F to MinweondyUva isocardi’ 
oides^ Lea, but as that name had been preoccupied by Duineril in rep- 
tilia (1835), Pilsbry proposed the n^ime I her ingella for it. in honor of the 
eminent biologist voii Ihering, who has done such excellent work among 
the Xaiades. The type, P. isocardioides^ Lea, resembles in form an 
Isocardix, The hinge a])i)ears as if injured, like that of a Margaritana. 
In the right valve are two irregular teeth under the beak, and a broken, 
saddle sha])ed tooth in the left valve tits in between them. In each 
valve there are pseudolaterals which start under the beak and slope 
downward aci oss the plate, and the whole surface of the hinge is cov- 
ered — teeth and all — with irregular wrinkles and pustules. Concho- 
logically it seems most closely related to Monocordgkva, The nacre has 
a peculiarly soft, greenish hue. The animal is unknown. 

Genus M YCETOPODA, d’Orbigny.^ 

Orbigny ffrst applied the above name to d/. Sol en i/or mis, Orbigny, 
and il/. Siliqiiosus^ Orbigny, characterizing the genus in a proper man- 
ner, and afterwards, in the ^‘Voyage Amerique Mcuadionale,'’ changed 
the name without explanation to Mgcetopus, by which it is generally 
known. The former name will, I am sorry to say, have to supersede 
the latter. 



* Synopsis of the Uiiiouidje, p. 72, 1S70. 

^Archiv fiir Naturgeschichte, I, pt. 1, p. C5, 1893. 
^Kautilus, VII, No. 3, p. 30, 1893. 

Prnc. Acad. Nat. Sci. Phila., ^UII, p. 79. 

Hliier. Mag. Z<»ol. Cl., No. 02, p, 41, 1835. 
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1 have discussed the genus some^yllat at huigtli under tin* lu^ad of 
^SoloKiia in this paper, and nothing more need be said regarding the 
shell. 

The palpi, as in other gemu'ii of the Mutelidip, ai*e longer than v ide. 
The mantle is open all around, there being no distinct bi*anchial siphon. 
The anal siphon is only indicated by an oval aperture witli a low border, 
and it is separated from the branchial opening by a sort of bi idge. The 
bi‘anchim are very large, and the Adams Bi'others state* that the outer 
ones are entirely grown together^ 

The foot is an enormous and greatly modified organ, very long and 
cylindrical, and near the lower [>art contracted like the neck of a bot- 
tle. h^rom this the base swells out into a large button, which d'Orbigny, 
in the magnificent figure in his great work on South American mol 
lusks, has represented as covered with low, rounded protuberances. 
The wall of the burrow corresj)onds to the shape of the animal, being 
narrowed in near the button and exi)ande<l above and below, and the 
foot could not be withdrawn unl(*ss its lower end was contracted. Tlie 
uniouoid characters of the animal have induced some authors to place 
it in the Unionida*: l>y others it has been considered the type of a sep- 
arate family, ]\lycetopodi(he.^ But as it is known that other unrelated 
^saiades burrow in the same way, some of which have a strikingly similar 
foot, and that the shell has a wonderfully soft, silvery iiacri*, and that 
it never has a vestige of cardinal or lateral teeth, but sometimes faint 
traces of taxodont denticles, I think it may be safely placed in the 
JMutelida*. The genus is found from southern Brazil northward to 
Central America. It may be hei‘e remarked that all the members of 
the Mutelidie as herein classified are confined to Africa and South 
America, with the exception of a few Glabari.s, v/hieh go u]) as far north 
as southern Mexico, and a single Central American ]\Iyceto 2 )oda. 

From the foregoing characters of the difiereut genera placed in the 
Mutelida*, we may deduce the following family description: 

Shell generally without sculpture or angularities, smooth or rarely 
slightly suleate, covered with a thick epidermis; bmks nearli/ or quite 
destitute of scnli)ture^ and nerer extdhitiny the remains of an embryonie 
shell; narre of a peenliarly soft, rich texture, silvery, coppery, luri<l or 
greeui^h, (/eneralJy surrounded by a udde. distinct prismatic border ; hinge 
with or without teeth, udiich, irhen present^ are ahvays irreynlarly taxo- 
dontj and showiny restiyes of this kind of dentition in oerasional specimens 
in all the yenera; escutcheon large, triangular, and distinctly luarked; 
mnseular impressions variable; ])allial line usually simple, but in some 
cases more or less inllected into a sinus posteriorly. 

Aiiimal: Labial palpi lanjCj oral or rounded helofv, and usually uu7//- 
out free points, scarcely united posteriorly : outer gills attached lii’mly on 
each side to the mantle and abdomen, so that the suprabramddal cham- 

^Genera of Recent Mollnsks, II, p. 501. 

2 Gray bestowed this iiMiiieiii the ‘‘Synopsis of the British Mnsenni" in ISIO. 
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ber eiuliug in the anal siphon is coni])letely separated from the mantle 
cavity; anal and snperanal cavity tin i led ^ continuing haekivard over the 
adductor muscle into a snperanal chamber. Mantle open or closed into 
more or less jierfect siphons, sometimes united for some distance forward. 
Embryo a lasidium, comimscd of three segments, the anterior head-like, 
the median bearing’ a single shell, the posterior tail-like. 

It will be seen from the above that the cliaracters of the soft parts 
are quite variable, and I have italicized tliose in both shell and animal 
which seem to most constantly differ from the same in the Unionida\ 
It is very probable that with a more thorough anatomical knowledge 
of the Naiades the descriptions will have to be a good deal modified.^ 

The following is a list of the genera I place in this family: 



Although in time past the Naiades or pearly fresh-water mussels 
have often been placed in a single family, and though even v. Ihering, 
whose recent classification of the genera is, I believe, a natural one, 
has placed the two groups, rnionidic and ^Mutelidm, in one super- 
fainil}q and notwithstanding the fact that there are a few genera whose 
position on account of our lack of knowledge is doubtful, yet I thiidv 
it quite probable that the relationship between these two great groups 
is not a very close one. 

It is true that the animals themselves do not seem to altogether 
bear out this assertion. The character of the iireseuce or absence of 
siplions, on which the fiimilies have generally been founded is, as I think 
I have conclusively shown, utterly variable and worthless. There is 
usually some distinction in the form and the union or nonunion of the 
labial jialps, but these characters are not perfectly constant, and even 
if they always held good, they would be of little importance. Ihering 
is authority for the statement that in all the South Amei ican and Afri- 
can ]Muteli(he (and all the genera belong in these two continents) the 
outer gill-leaves on each side are firmly attached both to the mantle 
and abdomen, thus completely separating the suprabramdiial (*avity 
from that of the mantle back to the anal opening. This, however, 
according to that most excellent authority, occasionally occurs in the 
Uiiionida‘ of the northern hemisi)lierc. 

iTbere will donlitlcss be found great variation in the matter of union of tbe mantle 
and gills in many otbor Pelecypods. Jackson observed in some specimens of Perna 
ephipjfunn that tbe two pairs of gills were separated from one another tbrongbont 
tbeir lengtb, wbercas in other s]iecimens tbe two median gills were eonnected by con- 
crescence at tbeir dorsal border, thus uniting tbe two ])airs as in Ontrea. Tbe degree 
of union varie<l indifferent specimens, tbe gills being united for tbeir whole extent, 
or only posteriorly. (Pbylogeny of tbe Pclecypoda. Mem. Bost. Soc. Nat. Hist., 
IV, Xo. viii, p.o2(3, ISJU.) 



Midelu, Scopoli. 
CheUdonojysis, Aucey. 
ISjxaha, L(‘a. 

Pleiodoif, Conrad. 
nmc:aa, Bourguignat. 



Gt aha vis, Gray. 
JhcriiKjeUa, Pilsbry. 
Monocondiftaa, d’( )rbigny. 
Fossula, Lea. 

ATycetopoda, d’Orbigny. 
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It is in tlie <‘baraoters of the embryo and the sliell tliat lind tlie 
great vital distinctions between these' families. In tin' rnionida' tlie 
embryo, perhaps without exception^ is a (floclildinm^ wliieh is j^robably 
characteristic of tbe nepiouie stage of all th(‘ genera in tln^ family. 
The embryo of the South American ]\lutelida" has., wherev('r examined 
by V. [hering, ta’oved to be a lasidinm, and, although ixadiaiis the 
relation of the African inntelid groups may not be so close to those 
of South America as is that of the latter among themsedves, yet 1 
have no doubt that their embryos will prove to be something very 
much like a lasidium. This peculiar stage is, so far as I know, entirely 
unique among Pelecypods, and though by the (diaracter of ta.vodout 
teeth the mutelids show atlinities for yncula^ Area. Peetuucnlas. and 
the like, yet by the evidence of their embryos they seem wholly unre- 
lated to any other lamellibranchs. 

The irregularly taxodont teeth which characterize the ]\Iutelidie are 
totally different from the schizodout teeth, which are found more or 
less developed in every genus of the Unionidm. The peculiar cartilage 
pits oli FosHiila resemble to some extent those in Perna, and suggest a 
possible distant relationship with this and allied genera. On the other 
hand, it would seem reasonable to suppose that the unionids had their 
closest affinity with other schizodout families. 

II. GEOGRAPHICAL DlSTIHBUTlOy OF THE NAIADES. 

In mapping out the general distribution of the Xaiades, although they 
are all confined to the fresh waters of the globe, it will be found that 
they fall into provinces something in the same way as do the other 
members of the animal kingdom. So nearly do these areas coincide in 
a number of cases with those of generally recognized regions of animal 
life, that in several instances I have applied the same names to them. 
To a considerable extent, as would be expected, these divisions of 
Naiad life are bounded by the sea, by deserts, and mountai]i chains 
which act as watersheds for different rivmr systems. Yet none of these 
ill all cases effieetiially restrict the distribution of the fresh-water mus- 
sels; and it is true that in several instances the borders of a Naiad 
region are not marked by any tangible natural barriers. 

The Palturctic lleyioiK — This, the largest region of Naiad life, includes 
in a general way the whole of Kurope, Africa (excepting the Nile), north 
of the Desert of Sahara; all of Asia north of the Stanovoi and Altai 
^Mountains, including, ])robably, the greater part of Afghanistan and 
Beloochistan, Persia, Arabia, and Asia Elinor; and all of North Aim'rica 
that is drained into the Paeilic. This vast l egioii. (;o\^ering an ar(‘a of 
])erhaps 10, 000,000 square miles, is inhabited by a singh' and ri'inark- 
ably homogeneous Naiad fauna. One specie's (diaraedcristic of this 
province, Uuio manjaritiferm^ Linmens, is found in all [larts of Ihirope 
except the region along the Mediterram'an ; also throughout Sibe'ria; 
in northern rlajian, which stands on the border between this and the 
Oriental region, and in that ]);irt of this province in North America 
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lying north of about 40^; occupying in all an area in the palearctic 
region of something like 9,000,000 sipiare miles. The Amoor Eiver, 
which takes its rise in Siberia and IMongolia south of the Stanovoi 
range, hiis a mixed ^^aiad fauna whose characters partake of the 
Pahearctic and Oriental provinces, dtio pictorum^ a species common 
to all lhiro])e and Siberia, is found at Kliabarovka. in the Amoor 
Valley, as well as Anodonia magnijica. Lea, A. celleusis. Schroeter, and 
A.pUrata. Solander. which is synonymous with Gnsfaria discoidcn.s ot' 
Lea, the latter three being common to China.' 

According to ^liddendorfr Anodonia herculea^ iMiddendorf, a Japan- 
ese species, which is a Crisfaria; U)n‘o mon^pdicus^ Middeudori^ (=Cnio 
marf/nriti/rnis^ Linnmnsf), m\d Anodo)itci cellcnsis, Schroeter, are found 
in the Amoor region. His Unio comjylmiatus, Solander, a commoji ^^ew 
England si)ecies, which he credits to Siberia, is, according to his figures, 
without lateral teeth, and appears to be a stunted form of U^iio mar- 
gar it i/er us, 

Schrenck^ gives the following list of species of the Amoor Valley P 



Unio gvuyauHS, Lea. 

* U, jiieionini, LiuuaMis. 

*Unio {Murg.) mavgaritif crus, hinmvus, 
Anodonia plivoUty Solaucler. 

A, magnified, Lea. 



^Unio mongoUens, Micldendorf. 

* U. (Marg,) dahuriens, ^liddeudorf. 

* Anodonia anaiina, Linnieiis. 

*A, cellensis, Schroeter. 



His Uuio graifinins is certainly not that species, but a shorter, heavier 
shell, belonging, however, to an Oriental group; and the Unio mongo- 
licus is most likely a form of Unio margaritiferns with imperfect laterals. 

Tlie southern limit of the Pahearctic Eegion in North America can 
not be accurately given, but it probably extends to near the Isthmus 
of Tehuantepec, as one of the common Californian Anodontas has been 
found in ( >axaca. 

In all this vast area there are perhaps not inore than oO valid species 
of Naiades, which belong to the genera Unio, Leguminaidj Anodontaj 
and the species of Crintaria alluded to, though the new school of 
conchologists have considerably multiplied the genera and have run the 
specific names up into the thousands. The species are, for the most 
part, small to medium in size, without conspicuous sculpture or angles, 
or, as a rule, any bright patterns of coloring. 

The group of Anodontas typified by the well-known A. eggnea,, Lin- 
inanis, is distributed over this entire region, all the forms found in the 
Pacific drainage of North America either belonging to it or being, 
I think, closely related. One species, A. ynlonensis,, Lea, from the 
Yukon Eiver, Alaska, is absolutely identical with specimens of Ano- 



’On the authority of Moussou (Joiiru. de Couch., XXVII, p. 26). 

"^jNialacoz. Rossica, Sih. Reise, 1847-1851, p.273. 

^Reiseu uiid Forsch. im Amur-Laiide, 1854-18.56, p. 694. 

Those beloiigiii o properly to the palearctic region I have characterized by an * ; the 
others are Oriental species. 



1895. 



VnOCEEDINGS OF THE XATIOXAL MUSE EM. 



329 



donta hiriiKfunut^ ^liddeiulort', eolle<*t(‘d 1)V Dr. Dali at Prtroi)aulovski, 
Kanu'iiatka. This I have veritied by e()inpariii,e* the types with Dr. 
Dali's sheiks. 

Enio ravhUf^sns^ Kobelt, of Afghaiiislaii, appears to be a member of 
one of the great Knroi)ean groups. Two Uiiios have been eredited to 
Oregon, C. fameJicihs of Gould, and T. orn/onensis of J^ea. The typ(‘s of 
both of these sj)e(‘ies are in the Xational ]\Iuseuni eolleetion. and F ean 
say without hesitation that the former is a young shell (d‘ /k vudfi- 
striafus, Lea, of Brazil, whih^ the latter is only an old, rather huge 
and solid V. rotreUi^ Lea, of Ctmtral America. Cvio marffariti/rnis, 
Linmens, is the only si)eeies of the genus known at ])resent in the 
Pacific drainage of North America. 

Although there is a slight miugiing of the forms of this and the 
Oriental regions in the Ainoor Yalley and northern Japan, I onl}^ know 
of one group, i-epresented by a single s])ecies, belonging to the Pahe- 
arctic province Avhich is extralimital, this being Unio maryaritlfenis^ 
Linnmus, which is found in the Tapper ^Missouri of the Mississi[>])i area, 
and in eastern Canada and New England of the Atlantic drainage. 
Of its distribution, more will hereafter be said. On the other hand, 
1 do not know of a single Naiad belonging to any other province, which 
is found within this great region. 

The Ethiopian Uef/ion. — All the continent of Africa lying south of the 
Desert of Sahara, including the Nile to its mouth, is peopled by a 
common assemblage of Naiad life. The only genera of the X^nionidie rep- 
resented in this region are Unio^ which is distributed over the whole 
territory, and Burtonia (if it be a valid genus), with a few species con- 
tined, so far as is known, to the region of the Great Lakes. All the 
XJnios are small to medium in size, and are not particularly striking in 
any way. A large proportion of them are more or less covered with 
slight zigzag or reticulated delicate sculpture, and in tliis particular, as 
well as in form and texture, tliey recall the Dnios of India. This is 
es])ecialiy true of the forms known from the Cape region. A few 
spcM'ies wliich I have not seen, have been l eported on rather doubtful 
evidence from ^ladagascar. 

Witliin this area are found five genera of the ^Mutelida*; MuteJa^ 
kSpatha^ and Plelodon^ having a wide distribution, and 7>Vu.c:uv/ and Vhe- 
Udonopsfs, which are probably more restricted. Little is known as yet 
of tlie Naiades of this great territory, but long ago it was remarked by 
IMorelet that the fauna, including the land and fresh-water mollusks of 
this entil e region, was remarkably homogeneous. Several of tin* groii])S 
of [hio and of the Mutelida* ai)pear to be distributed over tlie greater 
pai t of the province. So far as 1 know, no species or group of the 
Naia<les belonging within it is found outside of the region, nor is there 
an immigrant from any other area Avitliin its borders. Tlie o< (*an and 
the Desert of Sahara appear to be absolute barriers to the ingress or 
egress of Naiad life. 

The Oriental U((jion. — All that })art of Asia lying south of lh<‘ great 
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Thibetan plateau, iiicliuling', probably, the Indus on the west and the 
Hoan^'Ho on the northeast, is inhabited by a i)eculiar Unione fauna. 
With this region must be included Japan, Korea, 3Ianchooria, Formosa, 
the Philippines, and probably all the ivslauds of the ]Malay xVrehipelago, 
which are peopled with Kaiad life, to and iiieluding the Solomon group. 
The genus Unio is everywhere abundant throughout this area, and 
r.seadoihm is common to nearly all of it. A magniticent set of Ano> 
dontas is developed in northern China, and in this region Cristaria, 
Lepidodes)iUf and Arcouaia are found, Sol€}i(tia inhabits the greater 
part of the area. 

Dr. Lea was led to believe that two or three of the Unios of the 
southern part of this region were found in Australia, but later he was 
convinced that this was an error, and that no species of the two fam- 
ilies is common to the Oriental and Australian regions. The Xaiad 
fauna of this region is magniheeut and diversified, and almost rivals 
that of the Mississi])pi Valley in vigor, size, solidity and variety of forms. 
Both Dr. C. A. White and ^ on Ihering believe that the Unios and 
Anodontas of this area are closely related to those of the central part 
of Korth America. Xot only does there seem to be a general relation- 
ship among a large number of the Kaiads of this province with those 
of the Mississippi basin, but several Oriental groups are apparently so 
close to those of our own region that it is well-nigh impossible to sepa- 
rate them. Thus, the Asiatic Anodontas typified by A. icoodhimi. Lea, 
if found in the United States, would be placed by most students with 
A, 2)huia: the Chinese Unios of the group of l\ lioiiseiy Lea, and mi/ers- 
ianu.s. Lea, are evidently (piite near the Ala fits assemblage; Unto 
sujferhiis. Lea, is very much like our U. capax^ Green, and a number of 
the tuberculate forms of China could almost be placed in the American 
groups of U. hudiri/mosHs and U. 

Certain peculiarities of shcJl growth are remarkable among theXaiades 
of this entire region. One of these is the loss or partial degeneration 
of the hinge teeth, and another is the remarkable development of ver- 
tical tooth striation, to both of which attention has already been called 
in this paper. The third is the singular contortion of many of the spe- 
cies, of which there are three varieties. The first and simplest is a mere 
bending of the posterior part of the shell, either to the left or right, 
something like that of a TelUna, which is seen in two or three groups of 
elongated Chinese species. Some of these forms are bent into a strong 
cui've. The second is a twisting of the shell on its axis, which occurs 
ill the xVrcon iias and some of the Unios.^ These two forms of distortion 
may occur in the same species. The third and most strange form of 
irregular growth is seen in a number of very solid, oval and somewhat 

^ Arconaln provancheriana^ Pilsbry, which is twisted on its axis like a ParaUelo- 
p\pedoUj is no doubt a distorted form of Vnio complauains, Solander, from Canada, 
and does not come from China, as has been surmised. (See Naturaliste Canadieu, 
XIX, V- ITl; 
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pustulous species, in which one valve appears as if it had Ixwni piislied 
downward when in a ])lastie state, and is always less inflated than the 
op])osite one. 

These peculiarities are not characteristi(^ of entire groups, as the^^ 
may be met with in one species and absent in closely reIat(Ml foiins. 

The AuHtraUan Uegion, — Australia, Tasmania and New Zealand are 
peopled with a very distiind set of jSlaiades, consisting, with the excep- 
tion of the single Solenaia which has been referred to the former 
island, of Unios only. It may be possible that when Xew Guinea is 
thoroughly explored, some of the peculiar species of Gnios found in 
Australia may be discovered, as it is believed that these two islands 
were connected during Tertiary time. Only a moderate number of 
species are found in this region, as Australia has few streams, and all, 
or nearly all, of them either go dry or are reduced to mere disconnected 
pools in time of drought. In general, the shells of this region are oval in 
outline, smooth, of a dull greenish olive or brownish tint, and without 
other patterns of color marking. Some of the forms have a slight 
development of concentric ridges, and only two species are known 
which have any other sculpture: U, euGvmoides^ Lea, which is some- 
what tuberculous, and l\ lutpeauen.sis.^ Conrad, which has rather sharp, 
pointed knobs or corrugations, extending out for some distanc'e from 
the beaks. Uido tlor.sAiosm^ Gould, the type of which is in the JMuseum 
collection (Xo. 5925), is, I liave no doubt, a young G. ncipeanen,sls^ and 
is said to have come from the Fiji Islands.^ 

At the beaks of this shell the sculptiii*e is imperfectly radial, much 
resembling that of the South American species. The very few perfect 
beaks of Gnios of this region which I have seen, have a somewhat zig- 
zag or cuiwed radial sculpture, indicating, as do the form and color of 
the shells and the similarity of the soft parts, a close relationship with 
the South American species. The so-called Al<(smodout(( .sfuarii, from 
Australia, is merely a Uuio with compressed, feebly developed teeth. 
Xo species of this region is known to l>e extraliuiital, and the iSoleiudaj 
if really from Australia, is the only member of a foreign group repre- 
sented ill this region. 

The M(si^h>iippi Region . — All the waters that are carried to the Gulf 
of Mexico through the Mississippi ILver are filled with a common 
assemblage of Xaiades, consisting of Unios and Anodontas. In hxct, 
this fauna occupies almost exclusively all the streams emptying into 
the Gulf, from the Iiio Grande on the west to the Chattahoo(.‘hee Itiver 
on the east, and beyond this either the species of this region or those 
belonging to its groups are scattered from Central America to Xorth 
Carolina. To the northward, other species or members of groups 
belonging here have passed into Xew England and extended down to 

Atoukl says (U. S. Ex])!. Exp,. XIT, ]». 431): ^‘This s1k‘11 was marked Fiji Islands, 
probably by some accident, as 1 doubt not that it came from (‘astern Asia.'’ It is no 
doubt an Australian, and not an Asiatic or I’olyncsian species. 
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soutlierii Virginia and oven into Georgia. The Red River of the Xorth, 
the ]Maekenzie, the (iieat Ljikes, most of the lower peninsula of Michi- 
gan. and the southernmost ])ortion of (kinada are, for tlie most part, 
])eopled with ]Mississippi Valley species. 

ISTo eipml area on earth has such a diversity of Xaiad life or such j 

maguitieeiit shells. Here are found the largest s])ecies in the world; 
here are forms with knobs, pustules, angles, lobes, and concentric sculp- I 

ture. The nacre of many of them is wonderfully rich in tints of silver, | 

pink, purple, salmon or red, and it is ecpialed in beauty by the elegant 1 

patterns of external painting, in stripes and mottlings and delicate hair | 

lines. Perhaps twenty or more species of this region are extralimital, ^ 

and about half as many from other areas occur within its borders. 1 

The Atlantic Bcr/ion. — East of the A])palachian chain, and occupying | 

all the rivers and streams from Florida to Labrador that drain into 
the Atlantic, there is a set of Unionids, consisting of Unios and Ano- 
dontas, generally moderate in size, thin in structure, and for the most 
X)art without strong angles, sculpture, or brilliant coloring. Toward 
the southern part of this region the forms are immensely variable and 
puzzling, and I do not know of any other area in the world in which 
it is so dilficult to satisfactorily separate species and groups. Although 
both in the southern and northern part of this province the forms of the 
Mississii»})i Valley have entered freely, until they have met and over- 
lapped, yet there are perhaps not more than one or two s[>ecies wliich 
belong in this regioii or members of any of its groups that appear in the 
waters of the Mississi]>pi drainage proper. A no(lontafr<f(/iUs, Lamarck, 
a form characteristic of the Atlantic province, is found in several places 
in the ^Mississippi area, notably in jMinnesota; and Unio radiatiis^ 
Lamarck, is doubtfully rei)orted from the St. Croix River, Wisconsin. 

The siiecimens of Anodonta footiana, Lea (another northern form), 
said to (‘ome from the Illiuoi's River, are no doubt orata, Lea. 

There are scarcely a dozen Mississiiipi drainage species found within 
this region. 

The Xeotropical Region, — The entire continent of South America 
forms a single region of ^aiad life, containing four genera of Fnionidm 
(UniOy Frisodon^ Tetraplodon and Castalina) and six of Mutelidm 
(Glaharis,, Leila, 2Ionocondghea, Fossnla, TheringeUa and Mgcetopoda), 

The Unios are generally oval or rounded, moderate in size, usually 
slightly sulcate, and covered with a uniform brownish or greenish brown 
epidermis. All have radial beak sculpture, and very few have any other 
than what 1 have mentioned. 

The gmius Unio is represented throughout the entire area, and 
strangely enough the great Andean chain does not form a barrier 
between grou])S. The assemblage typified by the well known oval, 
compressed Vnio elUpticus,, Spix, seems to be scattered over this whole 
area, and species belonging to this group in Peru and Chile on the 
Pacific Slope of the continent can scarcely be said to differ from forms 
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ou tlie uthor .side. T do not know tliat any otlier ^ronp of (^nios is rep- 
resented on tlie west(‘rn slo])e. and so far as I am aware. non(‘ of tlie 
other genera have as yet been met will) in tlie ratlin- limited drainage 
of that region. 

The great group of Ghtb(n'is typilied by (F (rapvzinli.s^ bamaixdt, a 
very natural and elosely related asscnnblage, is well represented, no 
doubt, throughout all the eastern and southeastern drainage of South 
Aineriea, from well down in Argentina to Central Aimaaea and even 
southern Mexi(*o. Indeed, the typical sjieeies is in the ^Jusenm (iollee 
tion from the streams of Ai*gentina to Lake 3laynos in the interior of 
Peru, the San Francisco River, Brazil, and th<^ Rio Xegro on the north. 
Tlie group is well represented in Central America and southern Mexico 
by 0, hriilgcsl. Lea, and allied forms. A single siiecies^ G. leotandi^ 
Guppy, is found in Trinidad. Xo species and only throe or four groups 
of this region are extraliraital.^ 

The Central American Re(flon,—~i\M Central Amei'ica, including, ]>er- 
haps, the most of the Isthmus of Panama, and all of ^Mexico except the 
strip west of the Cordillera, together with Yucatan and the Island of 
Cuba, form a single Xaiad province which is peopled with a large number 
of Cnlos, a fair representation of AnodoJitas^ a single Mgcetopoda, and 
a few Glaharis, The fauna consists really of three elements, which no 
doubt represent as many migrations. 

First. — A large number of Fiiios, constituting the greater part of the 
fauna, which by their solid, sometimes angular and indated forms and 
often pustulous or somewhat plicate sculpture, indicate evident rela- 
tionship to groups in the ^Mississippi \"alley. The groups showing these 
resemblances are i)laced opposite each other in the following table: 



EeUiUonshlp of Central American and Missih'sipjyi VaUey Fnitm. 



Central American Mississippi Valley 
region groups. groups. 



Unio p]iciffTu.s U. crassidens, 

Uni{> mexic.auus U. cras.sideus. 

Unio rowelli TT. Inteolus. 

Unio ciiprinus U. alatus. 



Central American i ]Sli.ssissipi)i Valley 
region grouji.s. * groups. 



Unio scutul.atus U. alatu.s. 

Unio popei U. monodontus. 

Unio naumasintm ' U. trigonus. 

Unio usumasintic U, lachrymosus. 



The group of Central American Unios, typitied by U. aratas. does not 
seem to have a jiarallel in any assemblage of Mississippi Valley forms, 
but is undoubtedly related in a general way. The LTnios of this region 

‘Attontion may be called to the curious fact that a. number of tb<" South American 
sj)ecic.s of Ilnios are imitated by certain Olaharis which very strongly re>^emble them 
externally. Thus the (nineular Unios typified by F. noctnrnnfi liave their parallel in 
Glaharis in a section typified by G. tato-nxarginatay and the ellijitical Unios of the 
gronj) are balanced by (t, pueJehana, etc. Unio deJodon tux nud its allies 
ai(‘ offset by G. wymani and others, and the elongated solid U. paraUcIopipedon and a 
few others have their counterpart in (t . < nsiforniis, which sometimes so closely resem- 
bles the meiiibers of this groii]) that anyone would at onec^ place it wif h them unless 
the hinge was ('xainined. There is no relation whatever betwcuni the genei'a. Their 
resemblances are i»robahly adaptive. 
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below the Isthmus of Telman tepee, as well as those of Cuba, are remark- 
able for their sulcate sculpture. This character is noticeable even in 
sjieeies which are pustulous or otherwise sculptured, and is seen in 
groiq)s, the members of which in ^Mexico are smooth or nearly so. 

Second. — A considerable number of Unios and Anodontas, some of 
which extend down into Central America, which are either absolutely 
identical with well-known forms in the Mississippi Valley or belong with 
the assemblages of that region. The following groups of the latter 
province are represented. The group of rnw pUcatus is represented 
by Vnlo ei<jhtsl^ Lea, which is found south to Vera Cruz, and is merely a 
synonym of V, a common form in the central United 

States. There are one or two other species of this group which range 
south into Central America. Quite a number of species of the group of 
rnio alatus, such as Unio tecomateusiSyJjeiij U. nmbrosium^ Lea, U,pur- 
purafus, Lamarck, and the like, are found in Mexico, and one species 
something like Vnto tenuissimus {U, (leJphhiuUis, Morelet), is found in 
Honduras. The groiq) of Uuu> gibbosus is represented by Unio discus^ 
Lea, a compressed, ponderous species in Central America; that of Unio 
lutcohhs by a nearly typical species V. hgdi(unts, Lea, and that of Unlo 
anodontolde^i by the form of the same name, all of which species extend 
across thellio Grande River, rnlo Lea, of the Lodnpmosus 

grouj), is a Mexican species, and it is probable that representatives of 
other northern groups will be found in this region. A)iodont(( hcnnjana^ 
Lea, of ^lexico, is scarcely distinct from A. ImbccilUs. Say, of the Mis- 
sissippi Valley; and the group of Anodontas, of which A. graudis, Say, 
may be considered the type, has several representatives in the northern 
part of the province. 

Third. — The few CUabarh and the Myeetopoda heretofore mentioned, 
whi(*h are found in the southern part of this area. Onl}^ about a 
half dozen s[)ecies of this region are found in the United States, and 
perhaps as many belonging to that country extend into ^Mexico, 
though these numbers will lu'obably be increased with more thorough 
exnloration. 

DTSTUTBUTTON TN TIME AND (lENEUAL rOXCLI^SIONS. 

Unio and Anodonta have been believed b}^ some authors to extend 
well back into the Paleozoic, and, while this may <pjite probably be 
true, 3^‘t 1 do not think the evidence is sufficient to demonstrate it. 

Two or three s])ecies of Unios were collected by Professor Coi)c in the 
valley of Gallinas Creek, Xew jMexico, from strata which he regarded 
as of Triassic age.^ 

These shells were so broken as to be hardly recognizable, though 
they are no doubt Unio.'^. One of them, however, was described by 
]\Ieek under the name of Unio eristonensis^^ but it may be as well to state 

I Ann. Ropt. Expl. and Snr. west of the one-limidredth meridian, 1875, p. 81. 

‘Ann. Rept. Expl. and Snr. west of the one- hundredth meridian, 1875, p. 83. 
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that there is some little doubt as to wlietlier the strata in which tliey 
were found is Triassie or dnrassie. 

Something like a year ago a half dozen species ol‘ fossil (Jiiios were 
sent to the writer by Mr. E. T. Dumblc, of the (Geological Survey of 
Texas, which came from A\diat are believed to be freslcwatcr Triassie 
beds ill that State. Numerous valves of one of the speci<‘s show ]>er- 
fect cardinal and lateral teeth, wliieh do not seem to differ from those 
of many recent speciesd These six forms, though not parti(*ularly 
striking in outline or appearance, belong to at least as many different 
groups, and do not show any more relation to each other than a half 
dozen specimens would if taken at random from different parts of the 
world. One of them is somewhat triangular in outline and coini)ressed, 
with cardinal teeth much like those of the South American forms; 
another has slight, radiating striic on the posterior part, and a third 
species, which resembles some of the forms of U. pictonim of Europe, 
has stronglif developed^ radial beak sealpture ! The fact of this diversity 
would go to show that the genus had been, in all probability, a long 
time established at the time these were living. A few species have 
been found in the Jurassic beds of the western United States, some 
of which seem to be prophetic of groups which are living to-day in the 
Mississippi Valley, and the forms which are known to 1)6 Cretaceous 
from that region bear out this i)rophecy. But when we come to the 
lacustrine or estuary strata of the Laramie grout) in this same terri- 
tory, we find a most astonishing resemblance to forms now occupying 
the central United States. These beds are believed by some to be 
Upper Cretaceous,* by others they are referred to the Lower Eocene, 
and Dr. \Vhite, whose labors in this field are so well known, believes 
that the waters in which they were deposited were slightly brackish; 
and in fact the Unios and other fresh -water shells of that region are 
often found associated with Cijrena^ Ostrea and Anomhij genera which 
now live in estuaries. 

In the Laramie beds, species are found evidently belonging to such 
groups as that of Unio plicafus^ U. pterplexus, U. (/ibbosas, U. claviis. 
U .metanever^ U^secaris, U. alatus, and Anodonta (fvandis^ and there are 
foiMus fi'om these strata, which could hardly be separated from living 
species if the latter were fossilized. Dr. White has called attention to 
the fact^ that the anterior portion of many of the elongated species of 
these beds is greatly shortened, and this character is observable in a 
number ot species in China. Whether the Naiades originated in North 
America or the Old World is not now known. At any rate, 1 do not 
think any careful student (*an examine a good series of s[)ccies from the 



’These species were sent to the writer to be named and <lescribed, and a }>ai)er was 
pre})ared with descriptions and lignres, to be )>nbiisb(‘d in the reimrt of tiio (Jeolog- 
ieal Survey of Texas. On account of tht* lack of a])]>ropriations for continuing lln* 
work, the paper was not puldished by the Survey. The National Museum bus uiuler- 
takeu its ])ublication, and it will shortly appear in the present volume <d‘ J’roeced- 
ings (pp. 379-3S3). 

-dhird Ann. Kept. U. S. (ieol. Surv., p. 431. 



336 



THE T'EAnhY FItESE-WATER iirSSELS— SIMPSON. 



VOL. xvin. 



Oriental region, witliont being convinced that tbe Unione fauna of 
that area is somewhat closely related to that of the Laramie beds and 
the 3Jississipi)i Valley, and the conclusion seems reasonable that a 
migration took place, perhaps during or shortly after the Laramie 
epoch, over an old, now submerged, landway, either from Asia to 
2s^oi’th America or rive versa. It is, I believe, more probable that this 
fauna developed in the western continent than the eastern, for, as we 
have seen, a few ])rophetic tyj)es of it appeared in the Xortli American 
Jurassic, while the earliest recorded existence in the Old World of 
species which seem intimately related to it is in the later Cretaceous or 
earlier Tertiary. While some eight or ten groups of Unios and Ano- 
dontas now living in the Oriental region bear such a strong resem- 
blance to similar assemblages in the United States that at first sight 
they seem to be the same. 1 believe every one of them to be distinct, 
and it vseenis probable, when it is taken into consideration how slowly 
the Naiades eliaiige,and the faet that the forms of the Laramie groups 
have scarcely altered specifically in our own country, that if any such 
migration and separation took place, it occurred a long time ago. 

It is (piite likely that about this time members of some of the Lara- 
mie groups found their way into Mc^xico, Central America and Cuba. 
It is very probable that this area was separated from South America 
at that time, and for a considerable period since, as no interchange of 
Naiades is known to have taken place between the continents until per- 
haps during the I^liocene, or at least since the last union of land areas 
took i)lace. No North American form is foun<l in South America, and 
the few Glaharis and the Mycetopoda that have entered the Central 
American province from the south, have scarcely changed specifically. 
This Laramie Unio fauna in ^Mexico and Central America has every 
appearance of liaving been in some vruy isolated from the rest of 
North America, as if it had developed under insular conditions. 
Almost all of the older groups of the Central American region have 
their analogues in the ^Mississippi Valley to-day, yet very few species 
of these -Mexican groups come north of the Rio Grande Rivei*; and 
while there is a slight mingling of forms of the two provinces, yet the 
groups can lx‘ s<‘parated, and the southern Naiad finina has a distinct- 
ive appearauc(‘, notably in the much softer, more silvery, nacre, and an 
indefinable difi‘ereii(*e in the epidermis. I should say that these older 
Central American fauna groups boie about the same relation to those 
of the Mississip])i Valley as do many of those of the oriental region. 
Judgingfrom the apparent evidence of the Naiades, one would suppose 
that after the migration of these old forms into Mexico ami Central 
America, they Avere isolated from the l est of North America long 
enough to take on certain pe(‘uliarities, and that after this the two 
areas were connected again, and that since the connection a few species 
of Unios and Anodontas of the present Mississippi Valley groups had 
migrated southward. 1 am aware that what is known of the geology 
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of this regiou does not seem to support the idea (»f any separation of 
^Mexico from the rest of Xorth Ameriea during- Tertiary time, but 1 
simply give what appears to be the evidence of the Naiades.^ 

It is possible that at some time during the occupation of this region 
by the older Xaiad fauna there may have been a strait through the 
present Isthmus of Tehuantepec, which separated Central America 
from Mexico. The strongly suleate sculpture of most of the Unios of 
this lower region may have developed under insular conditions, or it is 
possible that it is wholly due to climate. 

The Xaiad fauna of the Atlantic area, while consisting generally of 
moderate-sized Unios and xVnodontas, without, as a rule, any striking 
characters, was, I believe, developed from that of thelMississippi Valley, 
but it has long been separated by the Appalachian chain. Unio {Ano- 
dont(i) undnIdtHSj Say, of the Xortheasteru States, is only a mere variety 
at best of the U. {Anodonta) edaituluSj Say, of the 3Iississippi drainage. 
llilo [Margaritana) marginatus^ Say, found in the former region, though 
smaller and more delicate, is identical with the western species, Unio 
radiatus of New England belongs to the western Luteolus group, and 
in some cases approaches so close to the type that the two cannot be 
satisfactorily separated, [^nio ochracens, ^ay, and U, cariosns^ ^ay, 
belong to the Mississippi group of U. rentricosus, while the groups of Unio 
{Margaritana) ealceolus and Unio prennus are about equally developed 
in the two regions. The migration of these forms has no doubt been 
made around to the northward of the Appalachian chain, as the species 
belonging to these groups in the Atlantic drainage^ are abundant in 
New England, but gradually vanish as we go southward. South of 
the dividing range, the relationship is still more apparent. The great 
Mississippi Valley groups of Unio tetralasmias, U. .snhro.stratus.f U. 
crassidens.) U. and U. ventrivosns are all well re]>resented in the 

Atlantic drainage of Georgia, Florida, and in some cases as far north 
as North Carolina, though there seems to be a slight separation of 
the two areas between the Ocmulgee Kiver, which drains into the 

quote from a letter received from Mr. H. A. PiLsbry, regarding the evidence of 
the land and fresly water snails in this connection: “Now as to Mexico, we have 
there in the south a ‘tincture’ of South American types, evidently of recent origin. 
The SoUu'io2)sis and Lahyrinthus very likely came north in or since the Pliocene eleva- 
tion of the isthmus. The Melaiiiaus of Mexico are distinctly South American. 
Besides, ^Mexico has in the EncaJodhnu, Uolospira, (ihindina, etc., element a distinct 
fauna, suygesiiny insular condiiious both from the JVest Indies and North America, but 
mairer tin* former. At all events, it looks as if the fauna of northern Texas and 
New Mexico is a recent mingling of the two faunas, the Polygyras moving south, 
and Ilolospira, Bulim ulus, ate,., moving north. How much this a])pearauce is due to 
mere isotherms,! am not prepared to say; but still, without having anj' tabula- 
tion of the faunas before me, it looks as if to a peculiar nucleus of genera which 
evolved their differential features on Mexican soil had been added lately an ele- 
ment from South Ameriea, another from the West Indies, a third from the Puited 
States, these introduced factors being still far stronger toward their respective 
points of ingress.” 

Proc. N. M. 05 2L> 
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Atlantic, and the Flint Fiver, wliieli empties into the Gulf. The 
great gronp of Unio hncldeiji. wbieli is so characteristic of Florida, 
the coast region of (ieorgia, and South Carolina, is so closely related to 
that of Unio crassidens on the one hand and Unio complanatns on the 
other, that the systematic position of many of their species is wholly 
uncertain. Again, the group of Unio fisher ianns, also characteristic of 
the Atlantic region, almost insensibly merges into that of U. hnvldeyi^ 
through such forms as U. aheneus, Lea, U. oscari, B, II. Wright, and 
U,ha.z(dhurstianns^ and the small group typified by U.downiei, 

Lea, inhabiting Georgia and Florida, shows about equal relationship to 
those of U. crassidens, U. hueldeyi^ and U. compJonatns. 

In 1808 Lea described a number of fossil Kaiades^ from a marl bed near 
Camden, New Jersey. He believed this bed to belong to the Greensand 
of the Cretaceous, and noticing the strong resemblance of the forms to 
many now living in the United States, gave them names indicating 
this resemblance. The age of these beds is uncertain, but is probably 
more recent than what Lea supposed. The fossils are all casts of a 
somewhat ferruginous marl, and are quite imperfect, but among them 
are forms strikingly like Unio anodontoides, U. rectus, U. complanatus, 
and Anodonta corpnJenta, and 1 think it not unlikely that they are in 
most cases the remains of living species, and that the beds are not 
older than the Pliocene. At any rate, they seem to show a much more 
intimate mingling of Atlantic and Mississippi forms at the time they 
lived than is now known to exist anywhere in either of the two regions. 

As 1 have sh >wn before, many of the species of the ^lississippi Val- 
ley extend into Canada; they occupy almost exclusively the southern 
peninsula of IMichigaiu the Great Lakes, the Bed Biver of the North, 
and the drainage system of the Mackenzie. This migration, which is 
entirely distinct from the earlier mingling of eastern and western 
si)ecies, is due, no doubt, entirely to the influence of the Glacial epoch. 
It is now generally admitted that during this time a vast cap of ice 
covered a greater or less extent of the Arctic and North Temperate 
regions of North America, and that at the close of the Ice age the 
southern edge of this cap gradually melted back for some distance 
from its extreme limit. North of the Height of Laud in British North 
Ameiica great lakes were formed, which could only drain into the 
Mississippi Valley, since the wall of ice on the north and east formed a 
barrier in that direction. Several of these ancient drainage beds have 
been discovered; one near Chicago, another at the western end of Lake 
Superior, by which the water llowed down the St. Croix Biver; a third 
down the ]\linnesota Biver by way of the Bed Biver of the North, and 
still another along the Maumee across to the Wabash.^ It is probable 
there was an overflow down the Missouri Biver, as Unio margariti/erns 
is found in the upper waters of this stream — the only point where it is 
known to occur in the Mississippi basin. 

^Proc. Acad. Nat. Sci. Phila., XX, pp. 162-164, 1868. 

"See Popular Science Monthly, XL VI, No. 2, p. 217. 
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Nninei'ous sjieeies of X;ii;uh\s no donlit pnsljod ii]) fVoin tin* 31 issis- 
sii>])i basin into these lakes, ami wlnai the ir(‘ raj) linally melt(‘(l they 
oecupied niiu'li of the area of tin* 31aekenzie and St. La wrenee sysUans. 
Unio marf/aritiferusj wldeli is eirenniboreal, is not known to exist in 
the centra] llritish Aim*rii‘an rei^ion, but is found in eastern Canada 
and 3s ew Engiand. It is (jiiite probable, as lias been sii •’pasted Iiy 
Wetherby,^ that tliis sjieeies may have extended across tliis wliol(‘ area 
ill ]>re-G]a<*ial times; that the onward movement of th<‘ ice cap (exter- 
minated it in tliis central area, and that it was driven soiithwai d to the 
east of the Apjialacliian ehain, where it still survives. This ice cap 
may have also driven out and destroyed much of the Atlantic di aina^e 
fauna, which was afterwards rei>laeed by the more vigorous 3Iissis- 
sip])i Vall(\v forms/^ The Atlantic drainage grou}) of Anodontas 
typiti(‘d by A, fUiviatilis seems to be closely related to the Cy(jnra 
group, and may have been separated from the lattei* by the ice 
sheet. 

Ill the Old World, Uhio and Anodonta are beli(*v(Ml by Ludwig* to 
date back to the Carboniferous. The forms which he refers to these 
genera are from Jthenish West])halia, and are small, oval, oblong shells, 
one of which has suleations on the beaks. From the figures of the 
hinges, I greatly doubt whether the sjiecies referred to rnlo belong to 
that genus. The few lAiionida* known from the Old World Jurassic 
and Cretaceous strata do not seem to show dei'ided relationships with 
any otlnu' Xaiad fauna. ^path<( (falloprorimiaUs, 3Iatheron, whiidi was 
described by its author as a Fa/o, is believed by Sandberger to belong 
to the fornnw genus. ^ 

In the figures of this sjiecies given by the autlior, the shell bears 
some resemblance to a Spatha^hwi is very different from any s]>c(‘ics I 
know of belonging to that genus, in the character of the beak sculpture. 
In Spatha^ the umboes are smooth or nearly so, as are the shells of the 
3Iutelida^ in general. This species has strongly concentrically sculiitured 
beaks, the ridges ending in a very sharp angle ])Osteriorly. It may 
possibly be a Legumlnaho 

Several fossil Fnios are known from Siberia and India, from what 
are believed to be Tertiary strata. These resemble the solid forms of 
China and the 3Iississij)])i Valley, and Vnio hituhcrenlatius, v. 3Iartens, 
from the former (*ountry, is very much like Cnlo perplr.rns. Lea. from 
the Ohio Itiviu*.^ 

Ill examining the fossil Tertiary Xaiades of caistern Lairoju^ oiu* can 
not help noticing the wonderful resemblance of certain forms to well- 
known groups in the 31ississii>pi A^alley. Kegarding these s])ecies and 

^Journ. Cin. Soc. Nat. Hist., July, 1881, p. 7. 

‘^Seo paper by the writer in Proe. V. S. Nat. XVI, pp. 1191-9115. 

^ Pabeoiitogr., VIII. Hie Najadeu der Kheiniscli-\Vesti)halischeii .<ieink(dib‘n- 
Foriiiation. 

^ Land nnd Siisswasser Coiudi. d<*r Vorwelt, }). 95. 

•’’See Abdr, d. Zeitseh. dent, j^eol. (lesellst-lnitt. ISTl, }>. 71J. 
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their relatioiishij) to Xorth American forms, 1 can not do better than 
to (piote from Dr. C. A. White 

It has already been shown that the living Unionidje of all Enrope depart compara- 
tively little from the primary, typical, oval form, and smooth or plain surface. These 
are the characteristics, so far as T am aware, of all the fossil species, save one, that 
are found in the strata of western Enrope. including those from the Wealden and 
Cretaceous rocks. The exception referred to is Vnio tonlouzanuj !Matheron, from the 
Lignite strata of the department of the months of the Rhone, which, while dillering 
hnt little in form from the other fossil and living Unionida* of western Europe, is 
marked by small plications npon its postero-dorsal surface. In Slavonia, Croatia, 
Dalmatia, and other parts of southeastern Enrope, however, the fossil Tertiary spe- 
cies of Un\o are ninch more nnmerons than the living species of the family are in the 
whole continent. Furthermore a large ])roportion of the types c)f these fossil species 
of southeastern Euro})e are as distinctively ^A^orth American” in character as those 
are which now live in the ^lississijjpi River and its tributaries. 

From these facts the inference seems to be a natural one that the living Unionida? 
of all Enroiie arc descended from those which are represented by the ]\Tesozoic and 
Cenozoic fossil species of the western part of that continent ; while the line of descent 
of the fossil species of southeastern Enrope has evidently been cut off by disastrous 
changes of the physical conditions necessary for its i)erpetnity. The fact that these 
last-mentioned fossil species are identical in type with those of Xorth America pre- 
sumably indicates, though it does not neccssaril}- prove, a community of origin; in 
which case they must have reached their present separated regions by some ancient 
continental connection now destroyed. 

Among the Pliocene Unios from Slavonia there are many wliieh almost 
absolutely agree with species living in the United States, belonging to 
the groups of Z7. darns^ U. irigonm^ U, i)erple.vuH^ U, pusiulo^<nH,m({ other 
well-known Mississippi Valley assemblages; and U. dhinensis, Tenecke, 
is almost exactly like U. housfouensis^ Lea, of Texas; U. nenniaifrl^ 
Tenecke, is the connterpartof U. modiens. Lea, of Alabama^ U. sfoUfzkai, 
[N’enmayr, is a nearly" perfect reprodnetion of U, (Vfiopus, Green, from the 
Ohio Liver, and U. novskalensis, Tenecke, is like a slightly roughened 
U, pyramldatus. Lea, from the same stream. Other .species from the 
Pliocem^ beds of Slavonia almost as closely resemble U. leai^ Gray, and 
U, oshedH, Lea, of (dtina. 

It seems not nnreasonable, no matter where these striking types of 
Unios and Anodontas may have originated, whether in North America 
or the Old World, that they afterwards S])read so that they occupied 
the greater part of Asia, Europe, except its western part, and possibly 
Africa, whose Unione fauna is, by the cliaracters of the shells, apparently 
closely related to the Tertiary fauna of Europe, and that of India at the 
present time. It may be that the extreme cold of the glaciers exter- 
minated or drove these forms to the region south of the Himalayas in 
Asia, and that the simple and probably more hardy species of western 
Europe s])iead rapidly to the eastward and southward after the Glacial 
epoch until they peopled the Amst Palearctic region. But it seems 
probable that the European and northern Asiatic Anodontas, whose 
descendants now inhabit North America west of the Rocky Mountains, 
crossed over during the late Tertiary, as some of the forms now found 



^Bnll. U. S. Geol. Snrv., Ill, Art. 23, lu 621, 1S77. 
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ill tlie latter region liav^e inhabited it long* enough to change sjieeiheally 
from their oriental aiieestory. 

J. G. Cooper believes that he found a form of Anodontn niittaJiana. 
Lea, one of the Cygneu group, in tlie Pliocene beds of Kettlenian Lake, 
California,^ and in other loealities, but tliese formations may be of more 
recent date. 

It is prol>able that rnlo [Margaritana) mur//ur/7//e?*a,s‘, Linineus, is tlie 
type of a group which for a long time has been distributed aiound the 
boreal regions, as it seems to be very closely related to a number of 
widely scattered forms. 

The theory of a comparatively recent land connection between north- 
ern Asia and Xorth America is further conlirmed by the fact that some 
fifteen species of land snails, and about five or six more fresh water 
forms, are common to the entire boreal regions of the globe; and Dr. 
Asa Gray has sliowiP that thei e are very many s])ecies of plants belong- 
ing to China and Japan which are identical with those tound in eastern 
]S^ortli America, and for others there are exceedingly close representa- 
tive species in the Xew World. 

The Unioue faunas of the Australian and Neotropical regions maybe 
considered together, as they are evidently closely related. The theory 
of an antarctic land connection between these regions is not at all a 
new one, and recently Mr. Charles Hedley, in a ])aper on ‘^The faunal 
regions of Australia,”^ brings forward some strong arguments in favor 
of such a connection, as he believes it necessary in oi*der to explain 
certain relationships between the life of the two regiojis. The ]\lutelid 
fauna of South America is also, no doubt, related more closely to that 
of Africa than to ajiything else at present existing, and von Ihering^ 
suggests a probable land connection between South America and Africa 
across, the Atlantic dui iug the Mesozoic, to account for its ])resent dis- 
tribution. 

It does not seem to me that it is necessary to bring in any such 
immense and violent changes of land and sea to account for the luesenee 
either of the Mntehchc in Africa and South America or the nearly related 
Gnios in the Australian and Neotropical regions. It must be remem- 
bered that changes take place in the fresh-water mussels very slowly; 
that species are living to-day that scarcely difier from those found at 
the close of the Cretaceous or the beginning of the Tertiary periods; 
and that the relation between the Mutelida* of Africa and South Amer- 
ica is not a very close one, so that it is not necessary in either case to 
l>rove any recent mingling of these faunas, either by a land way or 
other means. I believe it is tar more probable that the Tbiios of South 
America and the Australian region are the remnants of earlier types 
that may have had a wide distribution throughout the northern hemi- 



’Proc. Cal. Acad. Sei., 2d ser. , IV, ]»art 1, p. 168. 

-Address before Am. A.ssii. Adv. Sei., August, 1872, p. 10. 

^Kead at the Adelaide meeting nl'the Anstrala.sian Assn. Adv. Sei., Septenilier, 1SP3. 
^Zool. Auzeiger, Xos. 380 and 381, p. 1 1, 1801, 1802. 
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sphere. Tlie presence of a species in wbat are probably Triassic strata 
in Texas, witli strongly radial beak sculpture, a character now con fined 
to the rnionids of the two areas in question, is evidence in this direc- 
tion. Tlie forms with variously sculidured beaks which bear the embryos 
in the outer gills may be a more recent, vigorous stock, and it is pos- 
sible that they have taken possession of the lakes and streams of the 
northern hemisphere and driven these older types to the southward. 

The same thing may be true with the ^futelida*, whose northernmost 
limit in the Old World is the lower Nile, and in the New, southern Mex- 
ico. And if the Cretaceous fossil now known as Spafha (jalloprovin’ 
vialiSj ^latheron, from the mouths of the Ithone, is really a member of 
that genus, it would give color to this theory, which necessitates no vio- 
lent changes of land and sea to account for present Naiad distribution. 

To briefly sum up: The old arrangement of the famili(‘S ^Mutelidoi 
and Uiuonida* based upon the presence of siphons in the former and 
their absence in the latter can not stand, as this character may be 
developed or wanting in a single genus or even species. Jhering^s 
redefinition of the families, in which the former is founded on the fact 
that the embryo is a three-paided lasidlnm^ w\\i\ that of the latter a 
gJoi'huUnm, with the animal inclosed in a bivalve shell, agrees essen- 
tially with the characters of the hinge ami shell generally. Those 
forms which would seem to belong to the Mutelidm have irregularly 
taxodont teeth or vestiges of tlnun, while the Unionidic have schizodont 
teeth, which ai c arranged as cardinals or latei*als, or both, though they 
may be merely rudimentary or even sometimes absent. The Naiades 
seem to be (*apable of being grou])ed into assemblages of related forms 
which have a more immediate common ancestry, and on the basis of 
this grouping we find them distributed into eight provinces, four of 
which are in the Old World and essentially agree with the regions of 
animal life of Wallace and Sclater. 

These may be tabulated as follows: 



AUEAS OF THE NAIAD KEIilONS.! 



Pal cure tic 

Etliiopiaii 

Orieutiil 

Australian 

Neotropical 

Ceiitml American 

^Iississi])pinu 

Atlantic 



{ Europe. 

Northern and western Asi:i. 

North Africa to the Desert. 

Pacitic drainage of North Americji. 

Africa south of the Sahara. 

{ Asia south of the Himalayas. 

) East Indies to the Solomon Islands. 
i Australia. 

/ Tasmania. 

( New Zealand. 

South America. 

( C‘entral America. 

< Mexico east of the Cor<lillera. 

( Cuba. 

f Entire Mississippi Valley and the Gulf drainage from west Florida 
I to the Kio Grande. 

( ^Mackenzie Eiver system. 

Red River of the North. 

[ Great Lakes. 

S Lower St. Lawrence and rivers of eastern Canada. 

\ Atlantic drainage of the United States. 



For map of Naiad Regions see Plate IX. 
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' TlielJnios undoubtedly date back well into the Jurassu': probably 
into tlie Triassie. The post-Cretaceous r«/o tauna of the Northwestern 
States is evidently closely related to the fauna of the IMississippi Val- 
ley, and this seems to be related to that of Mexico, to the oriental 
fauna, and more distantly to that of tropical Africa, as well as to the 
Tertiary forms of eastern Eui'ope and Siberia. The C nios ot Australia 
and South America are apparently closely related to those ot the 
Australian region. There seems to be, too, a general relationsliii) 
between the Jlntclida- of Africa and South America. These IMutelids 
and the Uiiios which bear the embryos in the inner gills have perhaps 
formerly occupied extensive areas in the northern hemisphere, and 
may have been supplanted by more modern forms. 



